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A  RE-PERFORMAXCE  AND  RE-INTERPRETATION  OF  THE  AR.\I 
EXPERIMENT  IN  MENTAL  FATIGUE  WITH  THREE  SUBJECTS^ 

Chapter  I 
The  Onset  of  Mentae  Fatigue 


THE  problem 

THE  PI  R POSE  of  this  study  was  to  per- 
form again  the  most  significant  of 
the  experiments  of  Tsuru  Arai  (i)  in 
mental  fatigue,  employing  three  subjects 
instead  of  one  as  in  the  original  experi- 
ment, to  the  end  that  parallel  working 
data,  findings,  and  conclusions  might  be 
compared,  verified,  and  possibly,  ex- 
tended in  scope  and  implication. 

The  Arai  Experiment 

By  w^ay  of  summary,  Arai,  in  1909, 
with  the  counsel  of  Thorndike  (5), 
undertook  an  experimental  analysis  of 
the  nature  of  mental  fatigue.  Her  prob- 
lem was  to  measure  and  study  the  effects 
of  the  continuous  exercise  of  a  difficult 
intellectual  function,  as  free  as  possible 
from  sensory  or  muscular  work,  at  a 
stage  when  that  process  was,  as  nearly  as 
possible,  free  from  effects  of  repeated  or 
continuous  practice.  Specifically,  Aral's 
purposes  were  the  following: 

1 .  To  determine  the  amount,  rate,  and 
change  of  rate  of  fatigue  in  the 
special  function  exercised,  and 

2.  To  discover  the  extent  to  which 
fatigue  was  transferred  to  certain 
other  mental  functions. 


'  Marjorie  Abei  nethy,  Miriam  Haiker,  and 
Zclma  Laiigdon  Huxtablc,  tliree  graduate  stu- 
dents in  Educational  Psychology  at  the  Univer- 
sity of  Southern  CaUfornia,  offered  to  repeat  this 
most  significant  phase  of  Arai's  experiments  in 
mental  fatigue  during  the  spring  vacation  in 
April,  1930,  under  the  direction  of  Dr.  .\.  S. 
Raubenhcimer,  then  Professor  of  Educational 
Psycholog^  at  the  Iniversity  of  Southern  Cali- 
fornia. In  this  account  of  the  present  experiment, 
the  three  young  women,  performing  the  mental 
work,  are  designated,  respectively.  Subjects  X, 
Y,  and  Z. 


The  mental  function  chosen  for  con- 
tinuous exercise,  therefore,  required 
peculiar  organization  to  the  following 
ends,  namely: 

A.  The  exclusion,  as  completely  as 
possible,  of  muscular  and  general 
physical  activities; 

B.  The  provision  of  absorbingly  diffi- 
cult mental  work; 

C.  The  elimination  of  the  effects  of 
accrued  learnings  through  practice; 

D.  The  avoidance  of  periodical  rest 
periods; 

E.  The  means  of  comparing  results 
over  a  period  of  several  days; 

F.  The  source  of  an  objective  and 
measurable  series  of  results  for 
study; 

G.  The  presentation  of  no  apparent 
barriers  to  the  exercise  of  other 
mental  functions  before  and  after 
the  scheduled  periods  at  the  chosen 
function. 

For  these  reasons,  Arai  chose  the  mul- 
tiplication of  four-place  numbers  by 
four-place  numbers  mentally;  such,  for 
example,  as  4795  multiplied  by  8364, 
without  the  assistance  of  pencil  or  paper, 
except  for  the  final  recording  of  the  an- 
swer, once  it  had  been  obtained. 

To  cancel  the  effects  of  continuous 
or  repeated  practice,  Arai  frequently  en- 
gaged herself  during  a  period  of  months 
in  the  perfection  of  her  techniques  be- 
fore she  launched  upon  her  final,  con- 
secutive four-day  fatigue  series.^  In  the 


*  "Fatigue  series"  was  the  name  given  by  Miss 
Arai  to  her  final,  consecutive  four-dav  ordeal  of 
multiplving  four-place  numbers  I)y  four-place 
numbers  mentally   for   twelve  continuous  hours 
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beginning  of  the  practice  scries,  as  tlis- 
tinguishcd  Ironi  the  linal.  fatigue  series, 
she  miihiplied  the  four-place  numbers 
mentalK.  kcx'j)ing  the  oi  i,i;inal  figures  in 
sight  aiul  wiiting  down  the  answer  only 
after  she  h.ul  obtained  it  completely. 
Considerable  practice  at  this,  however, 
convinced  her  that  the  task  was  not 
diffictUt  enough,  either  to  absorb  all  her 
conscious  attention  or  to  bring  about  a 
condition  of  fatigue.  Accordingly,  she 
varied  her  method,  multiplying  the 
numbers  mentally  only  after  she  had 
memoi  i/ed  thr  midtiplier  and  multipli- 
cand. II  she  forgot  any  part  of  the  ori- 
ginal, problem,  she  looked  at  it  again 
until  she  had  re-memorized  it,  but  the 
time  needed  to  work  the  problem  was 
counted  from  the  first  sight  of  it  and  con- 
cluded ^vhen  the  answer  had  been  writttn 
down   completely. 

During  the  week  of  February  24  to 
March  2,  1909,  Miss  Arai  reached  a 
point,  after  working  189  problems,  re- 
quiring 35  hours,  at  which  she  con- 
sidered practice  effect  very  slight.  She 
then  believed  she  was  ready  for  the  final 
fatigue  series,  which  she  performed  on 
March  3rd,  4th,  5th,  and  6th,  1909.  Con- 
cerning that  event  she  has  written  the 
following  account: 

.  .  .  "the  subject  performed  the  mental 
multiplication  from  1 1  a.m.  to  1 1  p.m.  with- 
out any  pauses  except  the  two  or  three  sec- 
onds between  examples  for  recording  time. 
But  the  subject  had  taken  a  heavier  breakfast 
than  usual  at  10  a.m.  and  a  light  supper  after 
11  p.m.  Her  health  was  in  good  condition, 
and  she  slept  soundly  at  night.  The  contents 
of  her  consciousness  during  the  experiment 
were  very  simple,  all  desires  being  completely 

each  twenty-four  hour  period.  During  these 
periods  of  mental  work,  she  did  not  eat  or  rest, 
but  worked  without  respite.  All  shorter  periods, 
which  she  spent  in  perfecting  her  technique  of 
mental  multiplication,  or  in  overcoming  "prac- 
tice effect,"  were  designated  "practice  periods." 
In  this  account  of  the  present  experiment,  the 
same  terminology  has  been  used  to  indicate 
parallel  periods  and  types  of  mental  work. 


subjected  to  the  one  desire  for  getting  true 
fatigue  curves." 

Aral's  chief  atleniion  was  focused 
u|)on  I  lie  increase  in  time  rccpiired  to 
s()l\c'  one  pi'obUiu  at  tlu'  eiul  oi  the 
uKiital  woik  period,  as  compared  with 
the  time  required  at  the  beginning  of 
the  work  period.  Although  the  time  re- 
quired to  work  the  problems,  grouped 
by  fours,  fives,  eights,  or  tens  almost 
doubled,  or  in  some  cases  more  than 
doubled,  during  the  twelve  hours  of 
mental  work,  she  considered  the  appar- 
ent loss  in  efficiency  due  to  physical 
weariness  and  consequent  boredom 
rather  than  to  loss  in  mental  capacity  to 
perform  the  task.  Arai's  essential  con- 
clusions follow: 

1.  Feelings  of  fatigue  were  somewhat, 
though  far  from  perfectly,  related 
to  the  state  of  mental  inefficiency. 

2.  Spurts  were  not  observable  in 
fatigue  curves.  The  gradual  in- 
crease in  errors,  and  the  time  re- 
quired to  perform  the  task  were 
attributable  to  fatigue. 

3.  Difficult  and  disagieeable,  continu- 
ous work  brought  about  a  decrease 
in  the  efficiency  of  the  function  ex- 
ercised. 

4.  Fatigue  in  a  special  mental  func- 
tion, as  well  as  in  general,  was 
slightly  transferable  to  other  func- 
tions, and  the  greater  the  fatigue, 
the  greater  the  transferred  fatigue. 

5.  Great  individual  differences  in  sus- 
ceptibility to  fatigue  were  readily 
observable.  (This  one  of  Arai's  con- 
clusions was  obviously  based  upon 
more  representative  data  than  her 
lone  employment  at  the  mental 
multiplication  of  four-place  num- 
bers. Hence  the  data  of  the  present 
experiment  were  especially  valuable 
for  purposes  of  specific  verifica- 
tion). 


RE-INTERPRETATION    OF    THE    ARM    FATIGUE    EXPERIMENT 


6.  Continuous   mental   work   did    not 
permanently  injure  physical  tissues. 

riiorndikc.  in  liis  analysis  of  Arai's 
contribution  to  the  data  and  understand- 
ing of  mental  fatigue,  considered  it  ex- 
tremely significant  that  a  high  degree  of 
efficiency  frequently  accompanied  "feel- 
ings" of  impotcncy,  such  as  extreme  bore- 
dom, headache,  ennui,  and  dizziness.  On 
this  point,  he  has  written  the  following 
opinion: 

"This,  it  must  be  remembered,  by  no  means 
implies  that  the  function  was  less  than  half  as 
eliicient  at  the  end  of  the  twelve  hours  of  work 
as  at  the  end  of  twelve  hours  of  rest.  On  the 
contrar)',  the  amount  of  percentile  loss  in 
absolute  efficiency  was  probably  very  slight. 
For  a  person  to  be  able  to  multiply  a  number 
like  9263  by  one  like  5748  without  any  visual, 
written,  or  spoken  aids,  even  in  fifteen,  or  for 
that  matter,  a  hundred  and  fifty,  minutes,  im- 
plies a  very  high  degree  of  efficiency.  That  a 
person  can  exert  himself  to  the  utmost  at  this 
very  difficult  work  for  ten  or  twelve  hours 
without  rest  and  still  be  able  to  do  it,  even  if 
at  the  expense  of  twice  or  thrice  as  many 
minutes  per  example  as  at  the  beginning, 
means  that  the  loss  in  efficiency  by  any  ab- 
solute standard  has  been  small. 

"The  zero  point  of  efficiency  in  the  func- 
tion of  mental  multiplication  would  be  'just 
not  to  multiply  a  number  like  3  by  a  number 
like  2  in,  say,  ten  minutes.'  We  do  not,  of 
course,  know  just  at  what  point  between  this 
zero  and  the  ability  to  multiply  a  four-place 
number  by  a  four-place  number  mentally  in 
five  minutes  with  only  two  figures  in  the  an- 
swer Avrong  (as  Miss  Arai  did  at  the  beginning 
of  work),  we  should  place  her  ability,  at  the 
end  of  work  to  multiply  a  four-place  by  a 
four-place  number  in  eleven  minutes.  The 
reader  may  judge  for  himself.  It  is  my  im- 
pression that  she  could,  at  the  end  of  work 
certainly  have  multiplied  a  three-place  num- 
ber by  a  three-place  number  (and  probably  a 
four-place  number  by  a  three-place  number) 
as  quickly  and  as  accurately  as  she  had  multi- 
plied a  four-place  by  a  four-place  number  at 
the  beginning,  and  that  it  would  be  absurd 
to  place  the  efficiency  of  her  last  half  hour's 
work  in  each  period  at  less  than  75  per  cent 
of  the  initial  efficiency."  (5) 


Thorndike  leaves  much  to  the  reader 
to  judge  for  himself  concerning  the  act- 
ual per  cent  of  diminution  of  Miss  Arai's 
efficiency  as  a  result  of  twelve  hours'  con- 
tinuous mental  multiplication  on  each 
of  four  consecutive  days.  His  insistence, 
nevertheless,  that  a  high  quality  of 
mental  efficiency  prevailed  throughout 
the  fatigue  series  despite  increase  in  fre- 
cpiency  of  errors  during  the  later  hours  of 
each  twelve-hour  work  period,  and  his 
forthright  contention  that  "it  was  his  im- 
pression that  she,  Miss  Arai,  could,  at 
the  end  of  work,  certainly  have  multi- 
plied a  three-place  number  by  a  three- 
place  number  ...  as  quickly  and  as  ac- 
curately as  she  had  multiplied  a  four- 
place  by  a  four-place  number  at  the  be- 
ginning" .  .  .  without  doubt  leaves  hifn 
vulnerable  to  contradiction. 

In  fact.  Painter  (3),  apparently  the 
only  person  other  than  Miss  Arai  and 
Subjects  X,  Y,  and  Z  of  the  present  ex- 
periment, on  record  as  having  multi- 
plied four-place  numbers  by  four-place 
numbers  for  experimentally  defined  pur- 
poses, found,  contrary  to  Thorndike's 
"impression,"  that  his  ability  to  perform 
the  exacting  feat,  gave  out  suddenly 
about  three  a.  m.  He  had  begun  multi- 
plying about  1 1  p.m.  after  a  hard  day's 
work.  He  was  also  unable  to  multiply 
easier  numbers. 

The  Present  Experiment 

Repetition  of  Miss  Arai's  experiment, 
with  the  modifications  already  partially 
indicated,  seemed  highly  profitable  for 
several  reasons: 

First,  because  of  the  radical  departure 
of  Arai's  conclusions,  substantiated  by 
so  eminent  an  authority  as  Thorndike, 
from  the  common  observation  and  belief 
that  mental  work  done  without  rest  over 
a  long  period  of  time  restdts  in  a  de- 
crease in  efficiency,  that  is,  in  a  decreased 
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amount  of  work  per  unit  o£  time,  or  an 
interior  quality  ot  work,  or  both; 

Second,  because  Aiai's  materials  and 
results  have  been  questioned,  at  least 
superficially,  bv  some  students  of  ad- 
vanced psychology  and  also  by  some 
members  of  the  medical  profession; 

Third,  because  of  the  practical  beai- 
ing  of  a  better  understanding  of  the 
phenomenon  of  mental  fatigue  on  men- 
tal work  and  mental  hygiene; 

Fourth,  because  the  repetition  of  the 
experiment  Avith  three  subjects  instead 
of  one,  gave  promise  of  corroborative  or 
contradictory  evidence  of  sufficient 
weight  to  prove  or  disprove  the  scientific 
validity  of  the  original  experiment,  to- 
getlier  with  the  findings,  hypotheses,  and 
ifnplications  "\vhich  had  their  sources  in 
it. 

PROCEDURE 

After  several  practice  periods,  varying 
from  one  to  eight  hours  in  length,  ana- 
logous to  Miss  Aral's  practice  periods, 
spaced  at  intervals  over  several  months. 
Subjects  X,  Y,  and  Z  of  the  present  ex- 
periment believed  that  they  had  largely 
overcome  the  effects  of  practice  in  the 
mental  multiplication  of  four-place 
numbers.  They  ^vere  ready,  therefore, 
to  engage  in  the  final  four-day  fatigue 
series,  w^hich  accordingly,  was  scheduled 
for  the  spring  vacation. 

A  portion  of  the  Science  Building  was 
reserved  for  the  use  of  Subjects  X,  Y,  and 
Z  and  the  laboratory  technicians  who 
performed  the  tests  involving  the  meta- 
bolism, blood,  urine,  and  respiratory 
equipment  and  apparatus.  (4) 

The  room  provided  for  the  mental 
multiplication  was  a  spacious  laboratory 
on  the  third  floor.  It  had  large  windows 
on  two  sides,  which  afforded  excellent 
light  and  ventilation.  The  room  was 
furnished  with  a  long  work  table  and 
comfortable  chairs,  some  with  side-arms, 


some  without.  Each  subject  had  at  her 
tlisjjosal  a  C{)mfortable  cot.  pillows, 
blankets,  and  a  small  writing  table.  The 
cots  were  placed  at  some  distance  from 
one  another  in  order  that  the  movements 
of  one  subject  would  be  as  little  disturb- 
ance to  the  other  two  subjects  as  possi- 
ble. Drinking  w'ater  was  kept  near  each 
subject  throughout  the  four  days.  Pre- 
cautions had  been  taken  to  prevent 
noises  and  other  types  of  disturbances 
about  the  halls  of  the  building.  After 
tilt  first  day,  a  trained  nurse  came  to  the 
laboratory  frequently,  though  as  lui- 
obtrusively  as  possible,  to  note  signs  of 
serious  fatigue  or  possible  illness. 

The  program  for  each  subject  during 
the  four-day  fatigue  series  consisted  of 
the  following: 

Each  subject  might  eat  breakfast  as 
she  desired,  there  being  no  prescription 
on  content  or  quantity. 

The  approximate  time  for  arrival  at 
the  laboratory  was  5  a.m.  For  ten 
minutes  thereafter,  each  subject  reclined 
to  compensate  for  climbing  the  steps  to 
the  second  story.  After  a  urine  specimen 
had  been  obtained,  the  metabolic  rate 
established  on  the  Sanborn  Graphic 
Metabolic  Machine,  the  blood  taken  for 
the  blood  count,  and  the  respiratory 
movements  graphed,  the  subject  went  di- 
rectly to  an  adjoining  office  for  a  series 
of  psychological  tests.  All  this  required 
approximately  60  minutes. 

Immediately  following  the  foregoing 
preliminaries,  each  subject  proceeded  to 
the  problem-solving  laboratory  for  the 
twelve-hour  period  of  mental  multipli- 
cation of  foiu-place  numbers  by  four- 
place  numbers.  At  the  close  of  the 
twelve-hour  marathon,  each  subject  re- 
turned to  the  office,  again  took  psycho- 
logical tests,  proceeded  to  the  metabolic 
machine,  the  respiratory  apparatus,  and 
provided  other  urine   and   blood  speci- 
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mens.  Urine  specimens  were  obtained 
not  only  before  and  after  cacli  metal)ol- 
ism  test,  but  also  at  needed  intervals 
during  the  twelve-hour  problem  solving 
periods.  After  the  evening's  checking  of 
respective  blood  and  urine  specimens, 
metabolic  rates,  and  respiratory  move- 
ments, each  subject  was  free  to  go  to  her 
dinner  and  night's  rest.  As  much  sleep 
as  possible  was  advised.  This  was  the 
general  procedure  follo^\•ed  on  each  of 
the  four  days  of  the  fatigue  series. 

.Aside  from  the  diflerences  in  type  and 
number  of  mental  tests  used,  and  the  ad- 
dition of  the  physiological  tests  described 
above,  before  and  after  each  of  the  12- 
hour  periods  of  the  four-day  fatigue 
series  in  the  present  experiment,  the 
same  general  methods  paralleled  those  of 
Arai's  original  experiment.  Marjorie 
Abernethy,  Miriam  Harker,  and  Zelma 
Langdon  Huxtable,  three  graduate  stu- 
dents in  Ad\anced  Educational  Psychol- 
ogy at  the  University  of  Southern  Cali- 
fornia, offered  to  act  as  subjects  under 
the  direction  of  Dr.  Albert  S.  Rauben- 
heimer,  then  Professor  of  Educational 
Psychology  at  the  University  of  Southern 
California.  Dr.  F.  M.  Baldwin,  Professor 
of  Zoology,  also  of  the  University  of 
Southern  California,  agreed  to  investi- 
gate the  effects  of  the  continuous  ex- 
ercises of  the  selected  mental  function 
upon  certain  physiological  processes. 

Severally  defined,  the  purposes  of  the 
present  experiment  were  the  following: 

1.  To  repeat  Arai's  major  experiment 
as  closely  and  critically  as  possible, 
employing  three  subjects  instead  of 
one; 

2.  To  study  more  completely  the  ef- 
fects of  mental  work  upon  other 
functions  tested  before  and  after 
each  of  the  twelve-hour  periods  of 
the  consecutive  four-day  fatigue 
series; 


'5.  To  study  the  effects  of  (a)  each 
iwelve-hour  period;  and  (b)  the 
total  four-day  fatigue  series,  upon 
certain  physiological  functions  and 
conditions,  namely: 

A.  Metabolic  rate 

B.  Blood  changes 

C.  Urinal  changes 

D.  Respiratory    measurements    and 
changes  (6) 

E.  Pulse,  temperature,  weight 

4.  To  analyze  more  critically  than 
Miss  Arai  had  done,  if  possible,  the 
effects  upon  the  work  curve  of  in- 
dividual reactions  to  "feelings"  of 
fatigue,  of  distractions  from  one's 
surroundings,  of  one's  own  con- 
flicting mental  states,  and  of  bodily 
conditions  and  changes. 

During  the  final  fatigue  series,  each 
of  the  Subjects,  X,  Y,  and  Z  was  provided 
with  identical  stacks  of  4  by  6  inch  slips 
of  papei",  each  bearing  correspondingly 
identical  problems,  such  as  5967 

X4857 


Each  slip  of  paper  was  numbered  in  the 
upper  right  corner  on  both  sides. 

As  in  the  case  of  Arai,  the  subj'ect 
recorded  the  time  by  her  watch,  which 
had  a  second  hand,  in  the  upper  left 
hand  corner  of  the  slip  of  paper  as  soon 
as  she  looked  at  the  problem.  The  hour, 
minute,  and  second  were  recorded  as 
follows:  11-8-15,  which  meant,  eight 
minutes,  fifteen  seconds  after  eleven 
o'clock.  The  subject  then  proceeded  to 
memorize  the  two  four-place  numbers. 
As  soon  as  she  had  them  sufficiently  w^elJ 
in  mind,  she  turned  the  slip  of  paper 
over,  worked  the  problem  mentally  with- 
out help  of  pencil,  recorded  the  answer 
only  when  it  had  been  obtained  in  its 
entirety;  and  last  of  all  set  down  the 
time  when  she  completed  writing  the  an- 
swer.  She   then   proceeded   to   the  next 
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Chart  i.  Sample  Problem 

Indicating  Number  of  Operations  Employed  in  Mental  Multiplication  of  One 
Four-Place  Number  by  Another  Four-Place  Number^ 

Let  any  problem,  such  as  6793  multiplied  by  9438  be  represented  by  the  eight  X's  as  follows: 

X      X      X      X.  .  .  .        8     opcralions  were  allowed  for  memorizing  the  eight  digits 
X      X      X      X  comprising  the  original  problem. 

I       4       4       2 II     operations  for  first  partial  product  (rcquirctl  in  processes 

of  nniltiplication,  carrying,  adding,  recall).  Numerals 
represent  number  of  opcralions  needed  to  obtain  re- 
spective digits  in  partial  product. 

1        4       4       4        2 15     operations  for  second  partial  product. 

I        4       4       4        2 15     operations  for  third  partial  product. 

I       4       4       4       2 15     operations  for  fourth  partial  product. 

3       4       5       6       6       5       2       1 32     operations  for  mental  addition  of  partial  products. 

4     operations  added  for  final  recording  and  recall  of  com- 
pleted answer. 

100     total  operations  needed  in  solving  problem. 

The  unanimity  with  which  Subjects  X,  Y,  and  Z  agreed  upon  the  number  of  operations  involved  in 
multiplying  a  four-place  number  by  a  four-place  number,  each  Subject  employing  her  own  unique 
mental  methods,  both  in  the  solution  of  the  problem  and  in  her  estimation  of  how  she  had  done  it, 
was  one  of  the  most  convincing  phenomena  of  the  entire  study.  Although  Subject  Y  alone  followed  a 
method  almost  identical  with  that  of  Miss  Arai,  each  of  the  three  Subjects  estimated  that  she  needed 
96  to  100  operations  in  solving  a  problem.  The  itemization  indicated  above  accounts  for  the  q6  opera- 
tions actually  needed  in  solving  the  problem  mentally.  Four  more  operations,  a  modest  reckoning, 
were  then  allowed  by  Subjects  X  and  Y  for  the  final  memory  feat  of  recalling  and  recording  the  com- 
pleted answer,  making  a  total  of  100  operations.  Subject  Z's  method  follows. 

^  This  was  approximately  the  method  used  by  Subjects  X  and  Y  in  the  present  experiment,  and  by 
Arai  in  her  original  experiment. 


example.  The  problem,  out  of  sight  after 
it  was  memorized,  sometimes  escaped  ir- 
retrievably. In  such  event,  the  stibject 
might  turn  the  card  over,  and  re-mem- 
ori-ze  the  problem,  the  original  time  re- 
maininsr  unaltered.  At  the  verv  outset  of 
the  experiment,  the  importance  of  a 
record  of  "feelings"  of  fatigue  was  recog- 
nized. Stibjects  X,  Y,  and  Z  were,  ac- 
cordingly, encouraged,  both  by  Aral's 
findings  and  by  the  express  purposes  of 
the  present  experiment,  to  take  time  out 
from  problem  solving  whenever  they 
were,  severally,  impressed  by  any  change 
in  feelings,  whether  for  better  or  worse, 
and  to  write  down  words,  phrases, 
sentences,  or  paragraphs  descriptive  of 
the  stibjective  states. 

Each  of  the  three  subjects  in  the  pres- 
ent experiment  worked  her  problems 
entirely  independently,  using  her  own 
characteristic    methods    and    habits    of 


memorizing, 


retaining,  solving,  recall- 
ing, and  recording  answers  and  reac- 
tions. For  this  reason,  each  individual's 
record  must  stand  as  a  unique  experi- 
ment in  many  significant  respects.  Never- 
theless, much  data  was  comparable  and 
adequately  salient  to  justify  the  con- 
clusions which  follow. 

The  conversion  of  the  gross  number 
of  problems  solved  into  the  smallest  pos- 
sible units  of  work  was  a  significant  con- 
tribution of  the  present  experiment. 
These,  in  turn,  were  converted  into  a 
common  time  base,  namely,  the  number 
of  seconds  per  operation.  Whenever  er- 
rors occurred,  allowance  was  made  by 
adding  the  number  of  seconds  which, 
hypothetically,  would  have  been  re- 
quired to  correct  the  errors  at  the  rate 
of  progress  prevalent  at  that  given  hour 
of  the  fatigue  series.  Although  Thorn- 
dike   conceded   that   both  his   and   Miss 
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Chart  2.  Subject  Z's  Step  by  Step  Solution  of  the  Mental  Multiplication  of  a  Four-Place 
Number  by  a  Four-Place  Number  Using  Her  Own  Unique  Method 


Given  the  number 
to  multiply  by 


Th 


e  answer  is 


4     7 


364 
792 

2     8     8 


Here 

Step 

1 

u 
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10 
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u 
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u 
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16 

u 

17 

u 

i8 

u 

IQ 

u 

20 

u 

21 

u 

22 

u 

23 

u 

24 

u 

25 

u 
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is  the  step  by  step  process: 

memorizing  problem  ...  8  operations 

2X4  equals  8 3  " 

memorize  the  8  for  ans. .  i  " 

o  to  carry i  " 

2X6  equals  12 3  " 

plus  o  to  carry i  " 

4X9  equals  36 3  " 

plus  12  equals  48 2  " 

memorize  88  for  answer,  i  " 

4  to  carry i  " 

2X3  equals  6 3  " 

plus  4  equals  10 2  " 

4X7  equals  28 3  " 

plus  10  equals  38 2  " 

6X9  equals  54    3  " 

plus  38  equals  92 2  " 

memorize  288  for  answer  i  " 

9  to  carry i  " 

2X5  equals  10 3  " 

plus  9  equals  19 2  " 

4X8  equals  32 3  " 

plus  19  equals  51 2  " 

3X9  equals  27 3  " 

plus  51  equals  78 2  " 

6X7  equals  42 3  " 

plus  72  equals  120 2  " 


(Obtained  by  Subject  Z  after  2  minutes,  55  seconds 
mental  work;  the  first  30  seconds  were  spent  in 
memorizing  the  problem.  The  numbers  were  then 
hidden  from  sight  and  the  solution  completed  men- 
tally without  aides  of  any  kind,  except  for  the  final 
recording  of  the  answer  on  a  piece  of  paper.) 

Step  27  memorize  0288  for  ans. .  i  operations 

"      28     12  to  carry i  " 

"     29     9X5  equals  45 3  " 

"     30     plus  12  equals  57 2  " 

"     31     6X8  equals  48 3 

"     32     plus  57  equals  105 2  " 

"     33     7X3  equals  21 3  " 

"     34  plus  105  equals  126.  ..  .  2  " 

"     35  memorize  60288  for  ans.  i  " 

"     36     carry  12 i  " 

"     3  7     7X5  equals  35 3 

"     38     plus  12  equals  47 2  " 

"     39     3X8  equals  24 3  " 

"     40     plus  47  equals  71 2  " 

"     41  memorize     160288     for 

ans I  " 

"     42     carry  7 i  " 

"     43     5X8  equals  40 3  " 

"     44     plus  7  equals  47 2  " 

"     45  memorize    7106288    for 

ans I  " 

"     46  memorize  47160288  for 

ans I  " 

"     47  write  down  final  ans. .. .  i*          " 

Grand  Total 100  " 


*  In  order  to  fix  the  number  of  operations  needed  in  solving  a  problem  at  100,  Subject  Z  added  only 
one  additional  operation  for  recalling  and  recording  the  final  answer.  Subjects  X  and  Y  added  four 
operations  at  this  point  for  the  same  obvious  reason. 


Aral's  corrections  for  errors  were  "of 
course,  arbitrary  and  any  reasonable  al- 
lowance would  give  substantially  the 
same  general  curve,"  the  method  de- 
scribed here,  on  the  other  hand,  yields  a 
ratio  between  speed  and  acctiracy  which 
can  be  logically  and  scientifically  de- 
fended. 

Arai  added  ten  seconds  per  digit  error 
in  the  answer  by  way  of  penalty;  Thorn- 
dike,  sensing  the  need  for  a  greater 
penalty  (hiring  the  later  hours  of  the  day 
when  ^\'(n'k  was  proceeding  more  slug- 
gishly, added  twelve  per  cent  of  the 
time    required    per    example    for    each 


wrong  figure  more  than  two  in  any  an- 
swer. But  quite  unaccountably,  he  sub- 
tracted twelve  per  cent  for  each  wrong 
figure  less  than  two  in  any  answer.  Ac- 
tually, a  mistake  of  one  digit  in  an  an- 
swer, usually  required  on  the  average  a 
long  chain  of  mental  operations  in  order 
to  correct  and  replace  that  digit  mental- 
ly. From  the  tabulation  of  the  number 
and  placement  of  the  frequencies  of  in- 
correct digits  in  the  answers  of  Subjects 
X,  Y,  and  Z,  the  mean  and  mode  of  the 
incorrect  digits  were  found  to  fall  re- 
sjiectively,  upon  the  digits  placed  fifth 
and    fourth    from   the  left.   The  sample 
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problem  in  Chart  i,  indicates  the  num- 
ber of  operations  performed  in  obtaining 
each  digit  in  the  answer.  The  replace- 
ment of  one  stich  incorrect  digit  required 
usually,  not  ten  seconds  or  even  12% 
of  the  time  used  in  solving  the  problem, 
but,  on  the  average,  20  operations.  Fre- 
quently, the  replacement  of  one  digit  re- 
quired the  re-working  of  the  entire  prob- 
lem, often  including  laborious  recall  by 
feeble  association,  to  make  the  original 
problem  mentally  available.  The  more 
weary  the  subject,  the  longer  the  time  re- 
quired to  go  back  and  reconstruct  the 
long,  tedious  process  mentally.  Conse- 
qtiently,  it  was  ^\■ith  overwhelming  con- 
viction of  the  justice  and  accuracy  of  the 
proccdtire,  that  the  mean  number  of  op- 
erations estimated  as  necessary  to  correct 
a    digit    error    was    placed    at    20,    the 


weighted   \alue  of  the   fifth  digit   from 
the  left. 

In  estimating  the  number  of  seconds 
retjuired  to  replace  an  incorrect  digit, 
therefore,  the  nimiber  of  seconds  actual- 
ly required  for  working  the  problem 
was  divided  by  five,  which  was  the  ratio 
of  the  number  of  operations  necessary 
in  sohing  the  problem  (100)  to  the 
weight  (20)  of  the  mean  placement  of 
the  fifth  digit  from  the  left. 

RESULTS 

1.  In  the  present  experiment,  in- 
creased speed  in  the  mental  multiplica- 
tion of  four-place  ntunbers,  despite  the 
effects  of  fatigue,  distinguished  the  per- 
formances of  all  Subjects,  X,  Y,  and  Z. 
This  phenomenon  of  increased  speed 
was  totally  absent  from  the  work  of  Arai; 


Table  i 
EssENTi.\L  Data  of  Fatigue  Series  Based  on  Number  of  Problems  Solved 


Subject 

Total 

Problems 

Solved 

Problems 
Totally 
Correct 

Problems 

Containing 

Error 

Percent 

Problems 

Totally 

Correct 

Percent 

Problems 

Containing 

Error 

Arai 

1st  day 

67 

21 

46 

45 

7 

54-3 

2nd  day 

67 

14 

53 

26 

4 

73-6 

3rd  day 

67 

14 

S3 

26 

4 

73-6 

4th  day 

67 

ID 

57 

17 

5 

72.5 

Totals 

268 

59 

209 

X 

I  St  day 

80 

38 

42 

47 

5 

52.5 

2nd  day 

lOI 

54 

47 

53 

5 

46.5 

3rd  day 

114 

37 

77 

32 

5 

67-5 

4th  day 

115 

33 

82 

28 

7 

71-3 

Totals 

410 

162 

248 

Y 

I  St  day 

63 

33 

30 

52 

4 

47.6 

2nd  day 

79 

33 

46 

41 

8 

58.2 

3rd  day 

92 

34 

58 

37 

0 

63.0 

4th  day 

92 

33 

59 

35 

9 

64. 1 

Totals 

326 

^23 

193 

Z 

ist  day 

80 

52 

28 

65 

0 

35-0 

2nd  day 

97 

50 

47 

51 

•5 

48.5 

3rd  day 

106 

37 

69 

34 

•9 

65.1 

4th  day 

100 

43 

5  7 

43 

0 

67.0 

Totals 

383 

182 

201 
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Table  2 
Essential  Data  of  Fatigue  Series  Based  on  Number  of  Operations  Performed 


Subject 


Arai 


X 


1st  day 
2nd  day 
3rd  day 
4th  day 

Totals 

ist  day 
2nd  day 
3rd  day 
4th  day 

Totals 

1st  day 
2nd  day 
3rd  day 
4th  day 

Totals 

ist  day 
2nd  day 
3rd  day 
4th  day 

Totals 


Total  Total  Total  Percent  Percent 

Operations        Operations        Operations        Operations       Operations 
Performed  Correct  Incorrect  Correct  Incorrect 


6700 
6700 
6700 
6700 

26800 

8000 

lOIOO 

1 1400 
II 500 

41000 

6300 
7900 
9200 
9200 

32600 

8000 

9700 

10600 

lOOOO 

38300 


6599 
6573 
6573 
6545 

26290 

7930 

10016 

II259 
II357 

40562 

6253 

7824 
9087 
9097 

32261 

7953 

9620 

10468 

9910 

37951 


101 
127 
127 
15s 

Sio 

70 

84 

141 

143 

438 

47 
76 

113 
103 

339 

47 

80 

132 

90 

349 


98.49 

98. 10 
98. 10 

97.68 

I-5I 
1 .90 
1 .90 
2.32 

99.12 
99. If 
98.76 
98.76 

.88 

-83 
1.24 
1.24 

99-25 
99-04 

98.77 
98.88 

.75 
.96 

1-23 

1 .  12 

99.40 
99.18 

98.76 

.60 

.82 
1.24 

99.10 

.90 

in  fact,  its  possibility  was  ruled  out  on 
the  ground  that  preliminary  practice 
periods  had  eliminated  improvement 
due  to  further  practice.  In  the  present 
experiment,  however.  Subjects  X,  Y,  and 
Z,  despite  preliminary  practice  periods 
equivalent  to,  and  analogous  with  those 
of  Arai,  increased  their  speed  significant- 
ly during  the  fatigue  series.  Reasons 
were,  undoubtedly,  due  to  tacit  competi- 
tion among  the  three  subjects,  excessive 
nervous  stimulation,  a  desire  to  make  a 
better  showing  than  Arai  had  done,  or 
possibly,  to  superior  ability  to  perform 
mental  multiplication.  As  cases  in  point. 
Tabic  1  indicates  that  Arai  performed 
the  mental  multiplication  of  67  prob- 
lems on  each  of  the  four  days  of  the 
fatigue  series;  Subject  X,  on  the  other 
hand,  increased  her  speed  from  80  prob- 
lems on  the  first  day  to  114  and  115 
respectively,    on    the    third    and    fourth 


days.  Subject  Y,  increased  from  63  prob- 
lems on  the  first  day  to  92  on  each  of  the 
third  and  fourth  days,  and  Subject  Z 
raised  her  total  daily  output  from  80  on 
the  first  day  to  106  and  100  respectively, 
on  the  third  and  fourth  days. 

2.  Increased  speed  often,  though  not 
invariably,  was  associated  in  the  present 
experiment,  with  a  decrease  in  the  num- 
ber of  problems  solved  with  answers 
totally  correct,  especially  in  the  later 
hours  of  a  12-hour  work  period.  The  ef- 
fects of  fatigue  or  of  continuous  mental 
work,  therefore,  would  seem  to  be  as- 
sociated with  an  increase  in  the  per  cent 
of  error,  though  not  w^ith  the  increase  in 
quantity  of  outptit.  Table  1  shows  this 
point  emphatically.  Stibject  X,  for  ex- 
ample, scored  38  totally  correct  prob- 
lems out  of  80  worked  on  the  first  day, 
and  only  33  totally  correct  out  of  115 
worked  on   the   fourth  day;   Subject  Y, 
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33  light  out  of  G3  on  the  first  day,  and 
33  right  out  of  92  worked  on  the  fourth 
day;  Subject  Z,  52  right  out  of  80  worked 
on  the  first  day,  and  43  right  out  of  100 
on  the  fourth  day.  Miss  Araj,  by  way  of 
comparison,  scored  21  totally  correct 
problems  out  of  67  on  the  first  day,  then 
dropped  to  only  10  totally  right  out  ot 
67  on  the  fourth  day. 

3.  Increased  speed  in  the  present  ex- 
periment, tended  to  be  accompanied  by 
an  increase  in  per  cent  of  erroneous  an- 
swers, but  not  necessarily  in  a  diminution 
of  totally  correct  output  in  terms  of 
operational  units  performed.  Table  2 
presents  the  essential  data  of  the  present 
experiment,  based  on  the  number  ol 
operations  performed.  Subject  X,  for 
example,  though  falling  in  per  cent  of 
accuracy  from  99.12  on  the  first  day  to 
98.76  on  the  fourth;  nevertheless,  in- 
creased her  total  output  of  correct  opera- 
tions from  7930  on  the  first  day  to  11,357 
on  the  fourth  day;  Subject  Y's  per  cent 
of  accuracy  fell  from  99.25  on  the  first 


day  to  98.88  on  the  fourth  day,  but  her 
total  outj)ut  of  correct  operations  in- 
creased from  ()-'53  on  the  first  day  to  9097 
on  the  fourth  day;  Subject  Z,  analogous- 
ly, decreased  from  99.40  per  cent  correct 
operations  on  the  first  day  to  99.10  per 
cent  on  the  fourth,  but  her  total  out}nit 
of  correct  operations  increased  from 
7953  on  the  first  day  to  9910  on  the 
fourth  day. 

4.  Evaluation  of  this  functional  re- 
lationship between  speed  and  accuracy 
must  remain  a  mathematical  hypothesis 
in  the  conclusions  of  the  present  experi- 
ment. Table  3  for  each  of  the  Subjects: 
Arai,  X,  Y,  and  Z,  presents  both  the 
actual  number  of  seconds  required  per 
operation  in  the  mental  solution  of  a 
four-place  multiplication  problem,  and 
the  corrected  time  for  operational  errors, 
that  is,  the  actual  time  plus  the  addi- 
tional time,  which  would,  hypothetical- 
ly,  have  been  required  to  have  performed 
the  operations  without  error.  This  seems 
to  be  the  nearest  approach  to  a  solution 


Table  3 — (Arm) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers  Calculated  in 
Seconds  per  Operation  by  Hour  Periods 

Seconds  required  per  operation  and  seconds  added  to  compensate  for  operational 
errors  at  rate  of  work  during  any  given  hour  ' 


First  Day 

Secon 
Sec- 

d Day 
Corr'd. 

Third  Day 
Sec-     Corr'd. 

Fourth  Day 
Sec-     Corr'd. 

Average 

Hour 

Sec- 

Corr'd. 

Sec- 

Corr'd. 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

I 

3-37 

4-Si 

3-5° 

4.76 

2-93 

3-84 

3.00 

4.26 

3.20 

4-34 

2 

4-37 

5-24 

4-56 

5-34 

3 -70 

5-18 

3-69 

4.  So 

4.08 

5-14 

3 

4-63 

5-43 

4.21 

6.25 

4-45 

5-47 

3-86 

4.96 

4.29 

5-53 

4 

4.44 

5-77 

4.70 

6.58 

4-52 

5-29 

4-85 

7-44 

4-63 

6.27 

5 

6.52 

8.34 

S.76 

7.83 

4.41 

5-73 

4-43 

S-77 

5-28 

6.92 

6 

7-os 

11.63 

6-37 

8.40 

5-90 

7.38 

5-92 

8.52 

6.31 

8.98 

7 

8.79 

12.31 

6.48 

9.08 

7-3° 

9.86 

5-28 

7.19 

6.96 

9.61 

8 

7.26 

10.61 

7-39 

9.24 

7-05 

12.34 

6.65 

9.98 

7.09 

10. S4 

9 

6.91 

8.84 

7.70 

9.24 

5-35 

7-49 

4.48 

6.28 

6. II 

7.96 

ID 

7.06 

8.75 

6.  29 

9.72 

4.28 

6.34 

5-31 

11.94 

5-74 

9.19 

II 

6.79 

7.81 

6.00 

9.84 

&-S3 

10.78 

S.26 

9.99 

6. IS 

9.61 

12 

9.72 

13.60 

8.53 

13.09 

5-87 

10. 16 

S-43 

6.89 

7-39 

10.94 

First  Two 

Hours 

3.87 

4.88 

4-03 

S-oS 

3-32 

4-51 

3-35 

4-53 

3-64 

4  -74 

Last  Two 

Hours 

8.26 

ID.  71 

7.27 

11.47 

6. IS 

10.47 

5-35 

8.44 

6.77 

10.28 

Seconds  Loss  in 

Efficiency 

4-39 

5.83 

3-24 

6.42 

2.83 

5-96 

2.00 

3-91 

3-13 

5-54 

RE-IMKRFKETATION    OF    THE    ARAI    FATIGUE    EXPERIMENT 

Table  3 — (Subject  X) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers  Calculated  in 
Seconds  per  Operation  by  Hour  Periods 

Actual  seconds  required  per  operation  and  corrected  time  for  operational  errors  at 
rate  of  work  during  respective  hour  periods 
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Hour 

First  Day 

Second  Day 
Sec-     Corr'd. 

Third  Day 
Sec-     Corr'd. 

Fourth  Day 
Sec-     Cotr'd. 

Ave 
Sec- 

rage 

Sec- 

Corr'd. 

Corr'd. 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

I 

4-13 

4-5° 

3-34 

3.87 

2.61 

3-05 

2.79 

3-16 

3.22 

3-65 

2 

4.19 

4.61 

3-31 

3-64 

3-59 

3.62 

3-30 

4.62 

3.60 

4.12 

3 

5-65 

5-84 

3-86 

4-63 

2.78 

3.62 

2.68 

3-18 

3-99 

432 

4 

4.80 

6.03 

3-38 

4-57 

3-07 

392 

3-18 

4-05 

3-61 

4-65 

5 

4.44 

5-45 

4.04 

4.44 

3.22 

4.21 

3-73 

4.67 

3-86 

4.69 

6 

4-56 

5.22 

4-95 

5-6i 

3-84 

4-35 

3-72 

4-95 

4.27 

5  03 

7 

5-27 

5-87 

4-34 

4.66 

3.10 

3-89 

431 

5-82 

4.26 

5.06 

8 

5-27 

5-27 

3-36 

4-23 

3.78 

4-79 

2.81 

3-51 

3.81 

4-45 

9 

6.04 

7-49 

4.29 

4.78 

5-i6 

6.36 

3-63 

4.  20 

4.78 

5-71 

10 

6. 19 

8.17 

4.60 

4.99 

4-47 

4.66 

3-94 

4.64 

4.80 

5.62 

II 

5-64 

7.71 

3-97 

4.76 

3.61 

4-95 

4-25 

5-84 

4-37 

5-82 

12 

4.07 

5-28 

4-05 

4-51 

3-92 

4.98 

4.02 

4.82 

4.02 

4.90 

First  Two  Hours 

4. 16 

4-56 

3-33 

3-76 

3.10 

3-34 

3-os 

3-89 

3-41 

3-89 

Last  I  wo  Hours 

4.86 

6.50 

4.01 

4.64 

3-77 

4-97 

4.14 

5-33 

4.  20 

5-36 

Seconds  Loss  in 

Efficiency 

.70 

1.44 

.68 

.88 

.67 

1.63 

1.09 

1.44 

•79 

1.49 

Table  3 — (Subject  Y) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers  Calculated  in 
Seconds  per  Operation  by  Hour  Periods 

Actual  seconds  per  operation  and  corrected  time  for  operational  errors  at  rate  of 

work  during  respective  hour  periods 


Hour 

First  Day 
Sec-     Corr'd. 

Second  Day 
Sec-     Corr'd. 

Third  Day 
Sec-     Corr'd. 

Fourth  Day 
Sec-     Corr'd. 

Average 

Sec- 

Corr'd. 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

I 

5-68 

6.06 

3-68 

3-76 

3-25 

4-SS 

329 

4.02 

3-98 

4-58 

2 

6.23 

7.06 

4.29 

5-03 

4-03 

4-75 

3-29 

4.08 

4.46 

5   23 

3 

5-92 

6.90 

4.89 

S-45 

3-69 

4-43 

3-47 

4.09 

4.49 

5.22 

4 

8.23 

10.  29 

5-67 

8.12 

3-86 

4.92 

3-99 

4.78 

5-44 

703 

S 

513 

S-86 

4.18 

4-83 

3-98 

4.78 

4.29 

5 -40 

4.40 

5-22 

6 

6.56 

7-3S 

5 -70 

7.41 

4.29 

S-S8 

4.88 

6.98 

5-36 

6.83 

7 

6.53 

7-32 

5.38 

6. 10 

4.88 

6.03 

4-55 

5.20 

5-34 

6.16 

8 

7.22 

8.66 

8.10 

10.01 

4.60 

4.99 

5 -04 

6.33 

6.24 

7  50 

9 

7.29 

7.87 

6.28 

7.70 

4.81 

5-50 

3-87 

4-35 

556 

6.45 

10 

6  .40 

6.66 

3-88 

4-56 

4-13 

5 -08 

511 

6.98 

4.88 

5-82 

II 

7.46 

8.95 

5-24 

6.29 

4.46 

5-98 

5-U 

5.88 

S-S8 

6.78 

12 

8-35 

12.27 

511 

6-39 

5-59 

7.09 

6.28 

7.22 

6.33 

8.24 

First  Two  Hours 

5  96 

6.56 

3-99 

4.40 

3-64 

4-65 

3   29 

405 

4. II 

4.91 

Last  Two  Hours 

7.91 

10.61 

S-i8 

6.34 

5  03 

6.54 

5-71 

6-55 

6.96 

7-51 

Loss  in  Effi- 

ciency 

1-95 

4-05 

1. 19 

1.94 

1-39 

1 .89 

2.42 

2   50 

2.85 

2  .60 

Seconds  per  operatioa 

Fig.  1.  Speed  curves  in  the  mental  multiplication  of  four-place  numbers.  Actual  speed  curves  of  fatigue  series 

by  hour  periods  compared  witli  hypothetical  speed  curves  corrected  for  errors. 

Subjects:  Arai,  X,  Y,  and  Z.  (Plotted  from  data  of  Table  3) 

Hours  of  Continuous  Mental  Work 

Unbroken  Line-Actual  Speed         Broken  Line-Hypothetical  Speed  Corrected  for  Errors 

R-Ratio  of  Actual  Speed  to  Hypothetical  Speed  Corrected  for  Errors 
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Table  3 — (Subject  Z) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers  Calculated  in 
Seconds  per  Operation  by  Hour  Periods 

Actual  seconds  per  operation  and  corrected  time  for  operational  errors  at  rate  of 

work  during  respective  hour  periods 


Hour 

First  Day 

Secon< 

J  Day 
Corr'd. 

Third  Day 
Sec-     Corr'd. 

Fourth  Day 
Sec-     Corr'd. 

Average 

Sec- 

Corr'd. 

Sec- 

Sec- 

Corr'd. 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

onds 

Time 

I 

3.22 

3-51 

2-93 

3-36 

2.71 

3.16 

3^48 

4^36 

3-09 

3.60 

2 

3   29 

3-91 

3 

58 

3-94 

2,-3T- 

4-23 

4-55 

5-59 

3^68 

4.42 

3 

4-47 

4.62 

4 

36 

4.98 

3.08 

4.01 

3^30 

3^96 

3.80 

4.89 

4 

4.40 

5.06 

3 

93 

4.61 

3-76 

4.60 

4.00 

4.90 

4.02 

4   79 

5 

3-Q2 

4-37 

3 

49 

4-36 

4.25 

5^3i 

3-55 

4.08 

3.80 

4-53 

6 

4.80 

5.20 

4 

26 

4-79 

3-Si 

4.21 

3-39 

3.86 

3-99 

4^52 

'7 

4-50 

5-25 

4 

70 

5.80 

4-36 

5.10 

3-25 

3^64 

4.  20 

4-95 

8 

5.60 

5-97 

4 

16 

5" 

3.00 

3.60 

4.26 

4.68 

4.  26 

4.84 

9 

513 

6.33 

3 

87 

4-35 

2.97 

4-iS 

2.85 

3^3° 

3^71 

4-53 

10 

5-8s 

6.55 

2 

83 

3-29 

4.22 

5. 16 

3 -70 

4.60 

4-15 

4.90 

II 

5.80 

6.96 

3 

S3 

3-84 

3-52 

4.68 

4-05 

4.96 

4-23 

5^ii 

12 

5  00 

5.00 

3-6i 

4.64 

4.00 

4.40 

3-45 

4.14 

4.02 

4^55 

First  Two  Hours 

3-25 

3-71 

3.26 

3.65 

3.01 

3-70 

4.02 

4.98 

3^39 

4.01 

Last  Two  Hours 

5-40 

5-98 

3-57 

4.24 

3.76 

4-54 

3^75 

4^55 

4^13 

4^83 

Loss  in  Effi- 

ciency 

2.14 

2.  27 

•31 

•59 

•75 

.84 

.27* 

■43* 

•74 

.82 

*  These  gains  in  efficiency  of  the  last  two  hours  of  the  Fourth  Day  for  Subject  Z  appeared  only  this 
once  during  the  repeated  experiment  and  not  at  all  in  Miss  Aral's  data. 


of  the  relationship  between  speed  and 
accuracy  which  can  be  made  in  the  in- 
terpretation of  results  in  the  present  ex- 
periment. Figure  1  shows,  graphically, 
this  relationship.  Though  R,  represent- 
ing the  ratio  of  actual  speed  to  hypothet- 
ical speed  corrected  for  errors,  is  merely 
a  mathematical  concept,  the  numerical 
value  which  it  expresses  in  each  instance, 
accorded  with  observable  factors  in- 
fluencing speed  and  accuracy. 

5.  A  unique  contribution  of  the  pres- 
ent experiment  was  the  conversion  of 
the  gross  number  of  problems  solved 
into  the  smallest  possible  units  of  work 
to  be  described  and  discussed  below  (pp. 
i6ff.).  These,  in  turn,  were  converted  into 
a  common  time  base,  specifically,  the 
number  of  seconds  per  operation  (Table 

3)- 

6.  Daily  work  curves  for  Subjects  X, 

Y,  and  Z,  based  upon  the  actual  number 
of  seconds  per  operation,  as  well  as  upon 
the  hypothetical  number  of  seconds  per 


operation,  which  would  have  been  re- 
quired had  errors  been  corrected  by 
hour  periods,  showed  a  distinct  leveling 
off  in  slope,  as  contrasted  with  Miss 
Aral's  work  curves,  which  under  analo- 
gous conditions  of  mathematical  inter- 
pretation, rose  notably  (Figure  1). 

7.  Daily  work  curves,  representing  the 
time  in  minutes  required  to  solve  suc- 
cessive sets  of  four  problems  with  allow- 
ances made  for  errors,  after  the  methods 
of  Aral  and  Thorndike,  also  depicted 
graphically  the  significant  difference  in 
the  nature  and  general  direction  of  the 
A\ork  curves  of  Subjects  X,  Y,  and  Z  as 
compared  with  Aral's  (Figure  2). 

8.  Despite  conclusive,  objective  evi- 
dence that  feelings  of  intense  dislike, 
ennui,  boredom  to  the  extent  of  head- 
ache and  illness,  dizziness,  nervous  ir- 
ritability, and  physical  and  muscular 
weariness  were  accompanied  by  some  de- 
crease in  mental  efficiency,  one  would 
not  venture  a  guess  as  to  what  extent  the 


Minutes  required  to  solve  succeoeive  sets  of  four  problems 

Fig.  2.  Work  curves  in  the  mental  multiplication  of  four-place  numbers.  Time  in  minutes  required  to  solve  successive 

sets  of  four  problems  with  allowances  made  for  errors  after  Arai's  method. 

Subjects:  Arai,  X,  Y,  and  Z.  (Plotted  from  Data  of  Table  4) 

Number  of  Sets  of  Four  Problems  Multiplied  Mentally  in  12  Hour  Periods 
.  Vertical  Division  Lines— Beginnings  of  New  12  Hour  Periods        Short  Horizontal  Lines— Successive  Sets  of  Four  Problems 
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Table  4 — (Arai) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers 

Time  required  in  minutes,  with  allowances  for  errors,  for  successive  sets  of  four 
examples  multiplied  mentally  by  Miss  Arai,  March  3-6,  1909.^ 


Sets  of  Four 

March  3 

March  4 

March  5 

March  6 

Average 

I 

23.6 

20.7 

19-3 

16.5 

20.0 

2 

23-3 

24-5 

16. 5 

29.6 

23-9 

3 

23.2 

23-5 

20.9 

28.5 

23-4 

4 

26. 1 

25-9 

22.8 

23.0 

24.6 

5 

25.8 

27.8 

28.3 

20.2 

26.8 

6 

27-3 

31-4 

31-7 

26.2 

29.4 

7 

34-3 

37-3 

24.0 

33-6 

340 

8 

31-3 

24.9 

27-S 

33-8 

29.4 

1                                             9 

40.0 

3S-0 

17. 1 

26.7 

30-9 

1                                           10 

49-8 

4I-S 

31.0 

38.6 

40.0 

II 

52.2 

45-8 

39-1 

35-6 

42.5 

12 

43-8 

44.6 

48.1 

34-1 

44.2 

13 

37-9 

41.8 

41 .0 

47.0 

41.4 

14 

42. s 

46.5 

27.9 

29.8 

36.2 

IS 

39-7 

3I-I 

28.3 

47.1 

36.6 

16 

39-0 

52.0 

50.0 

45-6 

46.7 

17                 (3 

pr.  62 .  i)* 

(3 

pr.  44.4)* 

(3pr.  49.1)* 

(3pr.  32.9)* 

(3pr.  47.1)* 

First  Eight  Problems 

46.9 

45-2 

35.8 

46. 1 

43-9 

Last  Eight  Problems 

78.7 

83.1 

78.3 

92.7 

83-3 

(Excluding  incom- 

plete groups 

marked  with  star) 

Minutes  Loss  in  Effi- 

ciency 

•    31-8 

37-9 

42.5 

46.6 

39-4 

*  Incomplete  sets  of  problems. 

^  Tsuru  Arai,  op.  cit. 

,  p.  38  f.,  ah 

50  p 

86. 

decrease  was  attributable  to  divided  at- 
tention or  to  mental  fatigue  per  se; 
significant  objective  evidence  was  pres- 
ent, however,  in  the  comparison  of  the 
average  time  required  to  work  the  first 
four  or  eight  problems  each  morning 
with  the  average  time  required  to  work 
the  last  four  or  eight  problems  in  the 
evening.  In  most  instances,  the  subjects 
started  the  day  feeling  fresher  and  more 
mentally  fit  than  they  felt  any  other  time 
of  the  day.  The  last  eight  problems,  on 
the  other  hand,  were  usually  solved 
under  conditions  of  severe  physical  and 
nervous  strain.  Comparisons  at  this 
point  show  that  Subject  X  worked  the 
first  eight  problems  in  42.4  minutes,  tak- 
ing the  average  time  required  to  work 
the  first  eight  problems  over  the  four- 
day  fatigue  series  (Table  4),  and  making 
allowances  for  errors  after  the  methods 
of  Arai  and  Thorndike.  The  last  eight 


problems,  worked  under  similar  condi- 
tions, however,  required  57  minutes  for 
Subject  X.  The  difference,  14.6  minutes, 
represented,  undoubtedly,  mental  and 
physical  fatigue.  Corresponding  figures 
for  Subject  Y  were  52.2  minutes  for  the 
first  eight  problems,  and  80.0  minutes 
for  the  last  eight,  the  difference,  27.8 
minutes,  representing  fatigue.  Subject 
Z's  first  eight  problems  required  41.6 
minutes  as  contrasted  with  52.9  minutes 
consumed  in  solving  the  last  eight,  the 
fatigue  difference  amounting  to  11.3 
minutes.  Aral's  comparable  record  was 
43.9  minutes  for  the  first  eight  problems 
and  83.3  minutes  for  the  last  eight,  leav- 
ing 39.4  minutes  as  her  fatigue  differ- 
ence. 

9.  Another  interesting  comparison 
whicli  undoubtedly  revealed  the  effects 
of  fatigue,  lay  in  the  actual  seconds  per 
operation  required  during  the  first  two 


if)      ZEIMA    L.    HIIXTABI.E,    MIRIAM    H.    WHITE    AND    MARJORIE    A,    MC  CARTOR 


Table  4 — (Subject  X) 

Fatigue  in  thk  .Mental  Multiplication  of  F"oiir-Place  Numbers 

Time  required  in  niiiuiles,  with  allowances  for  errors  by  Aral's  method  for  successive 

sets  of  four  examples  multiplied  mentally  by  Subject  X,  April  16-19,  1930 


Sets  of  Four 

April  i() 

April  17 

April  18 

April  19 

Average 

I 

24.4 

22.8 

12.2 

17.2 

19. 1 

2 

31-5 

23-9 

14-5 

23.1 

23-3 

3 

28.7 

18.4 

25-8 

16.8 

22  .4 

4 

25-3 

19.8 

19.8 

23.8 

22.2 

5 

34-6 

27.9 

29.4 

22.8 

28.7 

0 

386 

23.2 

21.8 

17-5 

25-3 

7 

30-7 

30-3 

20.1 

13-3 

23.6 

8 

32-2 

23-5 

18.0 

22.5 

24.1 

9 

32.9 

14.2 

23.1 

20.3 

22  .6 

10 

31.2 

34-8 

18.6 

22.8 

26.9 

II 

30.9 

25-3 

21-5 

23-4 

25-3 

12 

3S-0 

31-7 

25.2 

25-3 

29-3 

13 

34-4 

28.8 

21.8 

24.6 

27.4 

14 

37-2 

30-9 

27-3 

23-5 

29.7 

15 

40.1 

27.8 

20.5 

23-3 

27.9 

16 

40.8 

32.4 

29-3 

34-6 

34-3 

17 

40.9 

16.7 

17.6 

30.2 

26.4 

IS 

39-3 

27.6 

21.3 

20.9 

27-3 

19 

34-9 

28.1 

23-5 

18.8 

26.3 

20 

25-3 

29-5 

24.7 

20. 1 

24.9 

21 

310 

32.8 

26.3 

30.0 

22 

26.9 

35-8 

19.8 

27-5 

23 

28.4 

29-5 

28.8 

28.9 

24 

25-4 

30.0 

23-4 

26.3 

25 

28.3 

26.8 

29.4 

28.2 

26 

(ipr.    8.1)* 

25-9 

29.7 

27.8 

27 

28.6 

29-S 

29.1 

28 

26.2 

29.8 

28.0 

29 

(2pr.    9.4)* 

(3pr.  20.3)* 

20.3 

First  Eight  Problems 

55-9 

46.7 

26.7 

40.3 

42.4 

Last  Eight  Problems 

60.2 

53-7 

54-8 

59-3 

57-0 

(Not  including 

broken  groups 

marked  with  star) 

Minutes  Loss  in  Effi- 

ciency 

4-3 

"•0 

28.1 

19.0 

14.6 

*  Incomplete  sets  of  problems. 

hours  of  the  day  with  similar  data  for 
the  last  two  hours.  Subject  X,  for  ex- 
ample, required  3.41  seconds  per  opera- 
tion during  the  first  two  hours,  on  the 
average,  but  by  the  end  of  the  day,  she 
w^as  requiring  4.20  seconds  per  operation, 
losing  .79  second  per  operation  due  to 
fatigue.  Subject  Y,  requiring  4.11  sec- 
onds per  operation  on  the  average  dur- 
ing the  first  t^vo  hours,  was  consuming 
6.96  seconds  per  operation  at  the  end  of 
the  day,  losing  2.85  seconds  per  opera- 
tion by  reason,  it  would  appear,  of  fa- 
tigue.  Comparably,   Subject  Z's  average 


time  per  operation  increased  from  3.39 
seconds  in  the  first  two  hours  of  the 
morning  to  4.13  seconds  per  operation  in 
the  evening,  indicating  a  loss  of  .74  sec- 
ond per  operation  by  reason  of  the  pro- 
longed mental  work.  These  figures  do 
not  take  into  account  corrections  in  time 
as  penalty  for  errors.  Aral's  time  per 
operation  increased  from  3.64  seconds 
for  the  first  two  hours  in  the  morning 
to  6.77  seconds  per  operation  in  the  last 
two  hours  of  the  afternoon,  showing  a 
loss  of  3.13  seconds  per  operation  as  a 
result,  undoubtedly,  of  fatigue. 
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Tlicse  figures,  representing  the  differ- 
ences in  the  time  required  to  work  prob- 
lems of  equivalent  difficulty  in  the  first 
two  hours  of  the  twelve  hour  work  pe- 
riods, as  contrasted  with  the  time  re- 
quired to  do  equivalent  work  during  the 
last  two  hours  of  the  twelve  hour  work 
periods,  provided,  perhaps,  the  most 
convincing  evidence  in  the  present  ex- 
periment that  fatigue  or  its  equivalent 
generally  affected  efficiency  of  perform- 
ance after  long  periods  of  uninterrupted 
mental  work.  An  exception,  nevertheless, 
appeared  even  in  this  otherwise  convinc- 
ing chain  of  evidence,  for  Subject  Z  on 
the  fourth  day  of  the  fatigue  series  per- 
formed more  efficiently  during  the  last 


two  hours  than  she  had  during  the  first 
two  houis   (Table   ^^). 

DISCUSSION 

1.  The  extent  and  significance  of  the 
effects  of  fatigue  in  the  present  experi- 
ment seemed  to  be  involved  inextri- 
cably with  the  functional  relationship  of 
speed  and  accuracy.  Moreover,  since  the 
human  factor  of  relative  unpredictabil- 
ity cannot  be  overlooked  in  an  interpre- 
tation of  this  functional  relationship, 
some  discussion  of  logical  and  philo- 
sophical factors,  though  lacking  scientific 
validity  in  the  strictest  sense,  are  none 
the  less  appropriate. 

Which,    indeed,   was   actually   the   su- 


Table  4 — (Subject  Y) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers 

Time  required  in  minutes,  with  allowances  for  errors  by  Aral's  method,  for  successive 
sets  of  four  examples  multiplied  mentally  by  Subject  Y,  April  16-19,  1930 


Sets  of  Four 

April  16 

April  17 

April  18 

April  19 

Average 

I 

35-9 

24.7 

17.7 

17.6 

24.0 

2 

37-9 

25.1 

22.3 

27-3 

28.2 

3 

46.3 

32.4 

3I-I 

22.5 

33--^ 

4 

40.5 

29.6 

24.4 

21 .0 

28.9 

5 

49-3 

35-8 

35-6 

25.2 

36.5 

6 

44-3 

33-4 

27.6 

25-7 

32.8 

7 

35-3 

37-1 

23-3 

20.6 

29. 1 

8 

37-9 

35-5 

24.7 

29.9 

32.0- 

9 

41-3 

23-5 

28. 5 

23.2 

29. 1 

10 

53-3 

35-3 

23-7 

26.2 

34-6 

II 

45-4 

43-4 

30-7 

24.9 

36.1 

12  . 

50.7 

41 .6 

28.8 

44-5 

41.4 

13 

36.3 

40.1 

31-5 

27.1 

33.8 

14 

53-9 

52.8 

29-3 

31.2 

41.8 

15 

50.8 

38.3 

42  .0 

.30.5 

40.4 

16                 (2 

pr.  29.9)* 

30.2 

37-3 

35-8 

34-4 

17 

22.8 

35-2 

34-3 

30.8 

18 

35 -I 

31.0 

25.8 

30.6 

19 

36.4 

28.5 

25-7 

30.2 

20 

(3pr.  30.6)* 

29.7 

28.1 

28.9 

21 

28.5 

450 

36.8 

22 

43-6 

31-8 

37-7 

23 

(3pr.  26.3)* 

42.3 

42.3 

First  Eight  Problems 

73-8 

49.8 

40.0 

44.9 

52.2 

Last  Eight  Problems 

104.7 

71.6 

72.1 

74.1 

80.0 

(Excluding  incom- 

plete groups 

marked  with  stars) 

Minutes  Loss  in  Effi- 

ciency 

30.9 

21.8 

32.1 

29.2 

27.8 

*Incomplete  sets  of  problems. 


l8      ZELMA    L.    nUXTABLE,    MIRIAM    11.    WHITE    AND    MARJORIE    A.    MC  CARTOR 


Table  4 — (Subject  Z) 

Fatigue  in  the  Mental  Multiplication  of  Four-Place  Numbers 

Time  required  in  minutes,  with  allowances  for  errors  by  Aral's  method,  for  successive 
sets  of  four  examples  multiplied  mentally  by  Subject  Z,  April  16-19,  1930 


Sets  of  Four 

April  16 

April  17 

April  18 

April  19 

Average 

I 

19.2 

19.7 

16. 5 

19.8 

18.8 

2 

22.8 

20.7 

19.  2 

28.3 

22.8 

3 

21-5 

19-3 

20.2 

27.2 

22.1 

4 

18.3 

21.5 

20.5 

34-3 

23-7 

5 

27.2 

33-2 

25  .2 

27.9 

28.4 

b 

33-4 

24.7 

21.8 

19-3 

24.8 

7 

25.6 

27-3 

23.1 

19-3 

23-8 

8 

29-3 

27.2 

21.7 

33-8 

28.0 

9 

28. 3 

24.7 

24-5 

25-8 

25-8 

10 

27-3 

22.5 

27.1 

23.0 

25.0 

II 

28.7 

27-3 

25-7 

20.0 

25-4 

12 

3S-I 

34 -o 

32.7 

25.0 

31-7 

13 

38.7 

36.9 

26.0 

27.1 

32.2 

14 

36.3 

27.8 

22.2 

18.3 

26.2 

15 

37-2 

27.2 

30.6 

22  .7 

29.4 

16 

36.0 

24.1 

24.1 

18.9 

25-8 

17 

42.8 

27-3 

19-5 

27.0 

29.  2 

18 

38. 3 

30.6 

30 -3 

17-3 

29. 1 

19 

34-1 

17.6 

21.3 

20.8 

23-S 

20 

34-9 

16. 5 

19-5 

20.7 

22.9 

21 

23-8 

19-5 

25.8 

23.0 

22 

23-7 

30.9 

27-5 

27.4 

23 

25.8 

25.8 

27.  2 

26.3 

24 

25.6 

26.2 

28.3 

26.7 

25 

(ipr.    4.6)* 

27.9 

24.6 

26.3 

26 

26.6 

26.6 

27 

(2pr.  12.8)* 

First  Eight  Problems 

42  .0 

40.4 

35-7 

48.1 

41 .6 

Last  Eight  Problems 

69.0 

51-4 

54-5 

52.9 

52.9 

(Excluding  starred 

incomplete  groups) 

Minutes  Loss  in  Effi- 

ciency 

27.0 

II  .0 

18.8 

4.8 

II-3 

*  Incomplete  sets  of  problems. 

perior  product  when  considered  in  the 
light  of  the  practical  life  situation— in- 
creased speed  with  slightly  greater  per 
cent  of  error,  or  decreased  speed  with 
slightly  greater  per  cent  of  accuracy- 
would  probably  depend  upon  the  seri- 
ousness of  consequences  of  errors  in  the 
nature  of  the  work  being  done.  For  ex- 
ample, an  error  in  setting  a  time  bomb 
would  be  far  more  significant  than  an  er- 
ror in  counting  vitamin  tablets  into  a 
bottle.  It  is  quite  conceivable  that  an  em- 
ployer might  prefer  an  employee  to  work 
at  top  speed  in  the  latter  instance,  con- 
sidering an  occasional  mistake  unim- 
portant.  But  speed  would  cease   to  be 


the  paramount  consideration  in  the 
preparation  of  the  time  bomb  where 
accuracy  was,  primarily,  the  issue  of  life 
or  death.  In  as  much  as  Subjects  X,  Y, 
and  Z  were  not  told  to  excel  in  either 
speed  or  accuracy  at  the  expense  of  the 
other  factor,  ultimate  decision  as  to 
which  was  the  superior:  increased  speed 
with  greater  per  cent  of  error,  or  de- 
creased speed  with  greater  per  cent  of 
accuracy,  is  outside  the  bounds  of  pres- 
ent conjecture.^ 

^Subject  X  expressed  the  opinion,  during  the 
present  experiment,  to  Subjects  Y  and  Z  that  she 
considered  continuous  speed  and  total  quantity 
output  more  important  to  the  general  problem 
of  mental  fatigue  and  the  establishment  of 
fatigue  curves  than  mere  accuracy  of  product. 
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The  per  cent  of  accuracy  for  the 
amount  of  Avork  done,  according  to  com- 
mon methods  of  figuring  absolute  ac- 
curacy, for  two  of  the  subjects,  namely, 
Y  and  Z,  was  highest  on  the  first  day 
(Table  i);  for  X,  on  the  second  day.  If, 
however,  one  takes  into  account  the 
total  number  of  operations  involved  in 
obtaining  the  answer  in  the  multiplica- 
tion of  a  four-place  number  by  a  four- 
place  number,  mentally,  the  actual 
total  of  correct,  and  of  incorrect  opera- 
tions as  well,  was  greatest  on  the  days 
when  the  greatest  number  of  problems 
was  solved  (Table  2). 

It  is  noteworthy,  at  this  point,  that 
Arai,  though  solving  only  67  problems 
each  day,  scored  a  higher  per  cent  of 
error  throughout  the  fatigue  series  than 
any  one  of  the  Subjects  X,  Y,  or  Z  in 
the  present  experiment  (Figure  1  and 
Table  1). 

2.  Through  the  construction  of  work 
curves  for  Subjects  X,  Y,  and  Z,  con- 
trasting the  mean  actual  time  required 
in  seconds  per  operation  by  hour  pe- 
riods with  the  mean  hypothetical  time 
in  seconds  per  operation  by  hour  periods 
which  would  have  been  necessary  to 
have  performed  all  the  same  operations 
correctly,  was  discovered  the  rather 
startling  fact  that  Subject  Z  had  worked 
more  efficiently  during  the  last  two  hours 
of  the  fourth  day  than  she  had  during 
the  first  two  hours  of  that  day  (Table 
J}).  This  was  the  only  occurrence  of  this 
phenomenon  in  the  work  of  Subjects 
X,  Y,  and  Z,  or  Arai. 

For  purposes  of  comparison,  similar 
curves  to  those  described  in  the  preced- 
ing paragraph  for  Subjects  X,  Y,  and  Z 
were  constructed  to  represent  Aral's 
problem  solving  during  the  fatigue 
series.  Although  no  record  of  the  exact 
placement  of  digit  errors  in  her  work 
was  available,  the  actual  number  of 
errors  ]:)er  problem,  a  matter  of  record. 


afforded  the  necessary  data.  The  laws 
of  chance,  normally  would  have  operated 
for  the  placement  of  Miss  Aral's  errors 
as  they  had  for  the  errors  of  Subjects  X, 
Y,  and  Z  of  the  present  experiment. 
Comparison  of  her  work  curves  with 
fhosc  of  Subjects  X,  Y,  and  Z  makes 
graphic  many  contributions  of  this  ex- 
periment (cf.  Figure  2  and  Table  4),  the 
most  noteworthy  being  the  leveling  off 
of  the  curves  of  the  three  Subjects,  X, 
Y,  and  Z  during  the  third  and  fourth 
days  of  the  fatigue  series,  as  contrasted 
with  the  distinct  rise  on  each  day  of  the 
fatigue  series  in  the  work  curves  of  the 
former. 

3.  Perhaps,  the  most  revealing  com- 
parisons, in  view  of  the  work  done  by 
Thorndike  in  the  interpretation  of 
Aral's  findings,  were  those  representing 
the  grouping  of  problems  in  the  fatigue 
series  by  the  time  required  to  work  each 
successive  set  of  four  problems.  Table 
4  and  Figure  2  present  these  findings  for 
both  Aral's  oriofinal  investis;ation  and 
the  present  experiment.  Again  one's  at- 
tention is  arrested  by  the  difference  in 
the  general  direction  and  nature  of  the 
work  curves  of  Subjects  X,  Y,  and  Z  and 
Arai  during  the  last  two  days  of  the 
fatigue  series.  On  superficial  analysis, 
they  appear  contradictory.  In  reality, 
they  probably  indicate  gradations  of  ef- 
fort, due  in  part  to  the  competitive 
situation  set  up  in  the  present  experi- 
ment, of  emotional  and  nervous  stimula- 
tion, and  possibly,  of  ability  to  perform 
mental  multiplication,  rather  than  men- 
tal fatigue  per  se.  If  Thorndike,  indeed, 
considered  Aral's  findings  inimical  to  the 
usual  notion  of  mental  fatigue  despite 
the  decrease  in  efficiency  as  the  twelve- 
hour  periods  of  the  fatigue  series  pro- 
gressed, how  much  greater  cause  would 
he  have  had  for  this  argument  from  the 
work  curves  of  Subjects  X,  Y,  and  ZI 

4.  Finally,  certain  conclusions  should 
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be  added  by  way  of  general  information,  four-place  numbers  by  four-place  num- 

even  warning.  bcrs  for  any  prolonged  period. 

Any  serious  question  as  to  whether  or  Though  1  horndikc  makes  the  state- 
not  the  mental  multiplication  of  four-  ment  that  "the  zero  jjoint  of  efficiency 
place  numbers  by  four-place  numbers  is  in  tlie  function  of  mental  multiplica- 
physically  and  mentally  possible  over  lion  would  be  'just  not  to  multiply  a 
a  period  of  many  hours,  may  be  answered  niunber  like  3  by  a  number  like  2  in, 
once  and  for  always  in  the  affirmative,  say  ten  minutes',"  one  would  hesitate 
Nor  is  the  ability  a  characteristic  of  the  to  become  fatigued  to  that  point,  espe- 
Oriental  mintl  or  of  any  other  racial  cially  under  the  nervous  tension  stimu- 
classification.  It  may  well  be  an  ability  lated  by  the  competitive  nature  of  the 
which  is  not  possessed  by  all  individuals,  present  experiment.  In  fact,  the  condi- 
though  generalizations  on  this  point  are  tion  which  Thorndike  describes  might 
open  to  question.  The  process  is  exceed-  better  be  designated  as  mental  collapse, 
ingly  exacting  and  tedious;  and  above  or,  at  best,  mental  irresponsibility,  as  in 
all  else,  requires  a  power  of  mental  con-  sleep.  Certainly,  as  long  as  one  were  re- 
centration  which  is  rare,  even  among  sponsible  at  all,  one  would  be  able  to 
university  students  and  professors,  multiply  2  by  3.  It  is  at  this  point  that  a 
Hence,  one  will  seldom  meet  an  individ-  subject  who  has  performed  the  feat  of 
ual  who  has  succeeded  in  multiplying  mental  multiplication  of  four-place  num- 
one  four-place  number  by  another  men-  bers  over  a  period  as  long  as  the  fatigue 
tally.  series  of  this  experiment,  is  tempted  to 

Because    the    process    of    multiplying  admonish     anyone,     who     contemplates 

four-place    numbers    mentally    does    re-  long    periods    of    mental    concentration 

quire  mental  discipline  of  the  most  ex-  that    will    bring    about    fatigue    to    the 

acting  quality,   any  physical  discomfort  point  of  inability   to   perform   the  sim- 

or  ailment,  any  distraction,  physical  or  plest  of  mathematical  operations,  as  cited 

emotional,  renders  the  task  almost  un-  by  Thorndike,  that  such  a  condition  is 

bearable.  One  must  not  only  possess  com-  to  be  avoided.  If  one  might  drop  off  to 

plete  and  rigorous  control  of  the  mental  a   healthy,   untroubled   sleep,   as   in   the 

processes   involved   in   the   mathematics  instance  cited  by  Painter,  the  after-effects 

of  solving   the   problems;    but,   also,   of  would  probably  be  little  harmful.  If,  on 

the  power   to  subject  all   interferences,  the  other  hand,  one  should  become  so 

whether   they   emanate  in   the   environ-  nervously  stimulated  that  healthy  sleep 

ment  or  in  one's  physical  condition,  to  were  impossible,  prolonged  continuance 

the  complete  control  of  the  mental.  Sub-  at  the  task  might  conceivably,  bring  on 

jects  Aral,  and  X,  Y,  and  Z  all  claimed  mental  or  nervous  collapse.  Whether  a 

to    be    in    good    health;    moreover,    the  victim  so  afflicted  would  ever  completely 

physical   tests  given  the  three  latter  in  recover  is  matter  of  some  speculation; 

the    present   experiment    bore   out    that  certainly,  it  would  be  the  height  of  folly 

claim  with  respect  to  them,  at  least.  One  to   take    the   chance.    Parenthetically,    it 

might,  in  fact,  readily  question  the  abil-  should  be  added  that  none  of  the  Sub- 

ity  of  any  person  in  poor  physical  health  jects,  X,  Y,  Z,  or  Arai,  according  to  her 

to    overcome    physical,    environmental,  record,    ever    approached    the    point    of 

and    emotional    distractions    sufficiently  "zero  efficiency"   as   defined   by  Thorn- 

to  perform  the  mental  multiplication  of  dike.  But  the  difficulty  and  annoyance. 
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which  were  sufFered  at  various  periods 
during  ihe  fatigue  series— no  subject  en- 
tirely excepted— on  account  of  head- 
aches, emotional  upsets,  lack  of  sleep, 
nervous  excitability,  and  other  disturb- 
ances, were  adequate  warning  to 
healthy  individuals,  particularly  to  Sub- 
jects X,  Y,  and  Z,  that  one  less  robust 
in  health,  or  more  completely  exhausted 
nervously,  might  suffer  serious  conse- 
quences. 

5.  Lastly,  attention  may  be  called  to 
the  interesting  fact  that  every  subject, 
including  Arai,  by  way  of  protecting 
herself  from  the  exacting  concentration 
of  the  task,  at  the  time,  prepared  for 
herself  an  ever  so  subtle  means  of  par- 
tial escape.  That  is,  every  subject  seemed 
innately  to  avoid  the  utmost  mental  ex- 
ertion possible  and  prepared  some  way 
to  relieve  herself,  even  if  ever  so  slightly. 
Not  one  of  the  subjects,  undoubtedly, 
would  have  admitted  any  deliberate 
plan  or  overt  intention  to  lessen  the 
strain  at  the  time  of  the  experiment, 
but  in  retrospect  the  implicit  design  was 
evident  in  the  strategy  of  each  one  of 
the  subjects,  including  Arai.  For  ex- 
ample, Arai  planned  in  her  experiment 
to  work  exactly  67  problems  each  day 
on  the  ground  that  she  had  reached  the 
limit  of  her  ability  to  improve  through 
continued  practice.  Subjects  X  and  Zj 
on  the  other  hand,  though  they  had  prac- 
ticed as  much  or  more  than  Arai,  dis- 
covered on  the  first  day  of  the  present 
experiment,  that  under  the  stress  of  com- 
petition, they  had  not  stretched  to  the 
utmost,  their  aliility  to  multiply  four- 
place  numbers  mentally.  Though  all 
three  subjects  in  the  present  experiment 
did  speed  up  almost  unbelievably  during 
the  last  three  days  of  the  fatigue  scries, 
each  still  held  on  to  some  escape  mech- 
anism. Subject  X,  for  example,  anx- 
ious to  perform  the  greatest  quantity  of 


work  possible  in  the  given  time,  claimed 
that  exact  accuracy  was  not  paramount 
in  the  ascertaining  of  the  true  nature  of 
the  mental  work  curves,  which,  it  was 
hoped,  would  be  established.  In  other 
words,  she  escaped  mentally  through  the 
avoidance  of  the  tedious  checking  of 
possible  errors;  instead,  she  dismissed 
any  uncertainty  which  did  not  actually 
block  her  further  progress  and  proceeded 
to  the  next  problem.  Subject  Y,  from 
the  very  beginning  of  the  experiment, 
on  account  of  her  mother's  anxiety  lest 
she  not  be  strong  enough  physically  to 
withstand  the  ordeal,  refused  to  compete 
with  Subjects  X  ond  Z.  This  was  to  her  a 
means  of  partial  escape;  nor  would  one 
have  criticized  the  wisdom  of  it.  In  fact, 
throughout  the  fatigue  series,  she  was 
competing  rather  with  Miss  Aral's  rec- 
ord and  her  own  previous  day's  record, 
than  with  the  records  of  Subjects  X  and 
Z.  Subject  Z,  devising  her  own  peculiar 
subterfuge,  contended  that  accuracy  was 
more  significant,  perhaps,  than  quantity 
in  the  performance  of  the  mental  task; 
therefore,  when  the  pressure  of  distrac- 
tions and  the  confusion  of  possible  errors 
became  too  great,  she  simply  "drew  a 
blank"  in  her  mind,  so  to  speak,  and 
worked  the  problem  over  again  from  the 
beginning.  The  fourth  day  of  the  fatigue 
series  presented  an  example  of  her  un- 
intentional strategy.  Realizing  that  she 
would  probably  survive  the  fatigue  mara- 
thon by  this  time,  and  believing  Subject 
X  was  proceeding  too  rapidly  to  avoid  a 
disproportionate  per  cent  of  error,  she 
settled  down  to  the  performance  of  the 
kind  of  work  which  would  satisfy  her. 
As  a  consequence,  and  quite  unwittingly, 
she  performed  more  efficient  work  dur- 
ing the  final  two  hours  of  the  fourth 
day  than  during  the  first  two  hours  of 
that  day. 

Notwithstanding  that  Subjects   X,   Y, 
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and  Z  more  than  corroborated  the  con- 
tentions of  both  Arai  and  Thorndike 
that  a  high  standard  of  mental  efficiency 
was  niiintainccl  throinihoiit  the  iati<2uc 
series  and  that  few  if  any  objective  men- 
tal effects  of  fatigue  were  nieasinable. 
Subjects  X,  Y,  and  Z,  as  Arai  had  done, 
admitted  their  aAvareness  of  a  general  dc- 
\elopmcnt  of  fatigue,  which  did  involve 
the  ner\ous  system,  and  presumably,  to 
some  extent,  the  higher  brain  cells.  One 
is  reminded  that  the  preservation  of  the 
human  organism  depends  occasionally 
upon  that  increment  of  mental  perse- 
verance which  exerts  itself  in  the  emer- 
gency   of   physical    exhaustion.    Any   at- 


tempt to  reduce  that  increment  to  its  last 
margins,  under  severe  mental  strain,  as 
in  competition,  would  ajjpear  to  involve 
the  dangerous  chance  of  mental  as  well 
as  physical  collapse.  Nevertheless,  Arai's 
original  experiment  and  the  present  ex- 
l)erimcnt  of  Sid>jects  X,  Y,  and  Z  bore 
definite  witness  that  healthy  individuals 
can  exert  mental  effort  on  occasion  far 
Ijeyond  that  ordinarily  exercised  by  stu- 
dents or  by  mental  workers  on  the  "job" 
without  significant  transfer  of  fatigue, 
except  in  a  few  inconclusive  instances— 
to  other  mental  functions,  the  evidence 
in  support  of  which,  follows  in  Chapter 
II. 


Chapter  II 
Transfer  of  Mental  Fatigue 


THE   PROBLEM 

THE  PRESENT  Study  Avas  concerned 
with  the  effects  of  the  continuous 
mental  multiplication  of  four-place 
numbers  by  four-place  numbers  for  four 
consecutive  days,  as  previously  described 
in  Chapter  I,  upon  the  efficiency  of  other 
mental  functions,  tested  before  and  after 
each  of  the  twelve-hour  days  of  the  fa- 
tigue series. 

The  Tests  Used 

Most  of  the  tests  used  were  novel, 
that  is,  they  were  used  only  once,  but 
in  a  few  instances,  the  same  test  was  given 
both  before  and  after  a  twelve-hour 
mental  midtiplication  period,  in  order 
that  tlie  function  of  memory  might  be 
studied.  One  test  of  mechanical  ability 
was  included  in  the  battery  of  tests,  for 
the  pvnpose  of  measuring  motor  coor- 
dination as  well  as  mental  activity. 

A  series  of  mental  tests,  requiring  ap- 
proximately twenty-five  minutes,  was 
given  before  and  after  each  twelve-hour 
period  of  mental  multiplication  on  each 
of  the  four  days  of  the  fatigue  series. 
One  scries  of  tests  was  kept  constant 
throughout  the  experiment,  namely, 
Wylie's  Opposites  Test  (7).  Comparable 
tests  of  this  series  were  given  every  day, 
both  before  and  after  the  twelve-hour 
mental  multiplication  periods.  The  tests 
given  were  the  following: 

The  Tests  Given 

I.  Wylie's  Opposites  Test 

A  list  of  thirty-fne  words  was  given  for 
which  the  subject  wrote  an  antonym  be- 
ginning with  a  prescril)ed  letter.  The 
letter  was  "a"  in  Form  A,  etc. 
Forms  A,  B,  C,  and  D  were  standardized 
as  comparable  to  each  other. 


Forms  f,  1,  r,  and  t  contained  twenty 
words. 

2.  Thorndikc   Intelligence   Examination   for 
High  School  Graduates 

Tests  la  and  ib  from  Forms  C  and  AA 
Reading  Comprehension 
Test  8  from  Forms  B  and  C 
Number  Progression 

3.  Macquarrie  Test  for  Mechanical  Ability 

This  test  included  seven  short  tests: 
Tracing,  50  sec;  Tapping,  30  sec;  Dot- 
ting, 30  sec;  Copying,  2I/2  min.;  Loca- 
tion, 2  min.;  Blocks,  2I/2  min.;  and  Pur- 
suit, 2I/9  min. 

4.  L.    L.    Thurstone    and    Thelma    Gwinn 

Thurstone  Psychological  Examination 
for  High  School  Graduates  and  College 
Freshmen 

Artificial  Language,  1927  and  1928  edi- 
tions 

Arithmetic  Test,  1928  edition 
Completion  Test,  1928  edition.  Blanks 
in  sentences  were  to  be  filled  wixh  an  ap- 
propriate word  containing  the  number 
of  letters  indicated  by  a  figure  in  paren- 
thesis before  the  blank. 

The  Experiment 

On  each  of  the  four  days  of  the  fa- 
jtigue  series  the  three  subjects  arrived  at 
the  laboratory  at  abotit  five  A.  M.,  after 
eating  breakfast.  Following  approxi- 
mately eight  minutes  of  physiological 
testing,  each  subject  repaired  to  the  of- 
fice where  she  started  the  batterv  of  tests 
assigned  for  that  day  and  hour.  After  the 
completion  of  the  tests,  which  consumed 
about  25  minutes,  each  stibject  went  im- 
mediately to  the  work  laboratory  for 
her  12-hours  of  mental  multiplication. 
.\t  the  close  of  the  12-hour  period,  the 
subjects  returned,  individually,  at  once 
to  the  office  for  another  battery  of  psy- 
chological tests,  prepared  f<jr  the  evening 
of  that  day.  After  this  tliey,  severally, 
appeared  for  the  repetition  of  the  physio- 
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Table  5 
Tests  Used  in  the  Experiment 


Date 

Time 

Test 

Before                     After 
12-hour  period 

4/16/30 

5    min. 

15     min. 

Opposites  Test 
riiorndike  Reading  Test 

Form  A                 Form  B 
Test  la                 Test  ib 
Forms  C  and  A  A 

4/17/30 

5    min. 

2    min. 

10    min. 

Opp'osites  Test 
Opposites  Test 
Completion  Test 

Form  B                 Form  A 
Form  f                   Form  1 
Same  both  times 

4/18/30 


5    min. 

Opposites  Test 

2    mm. 

Opposites  Test 

Macquarrie  Test  for 

Mechanical  Ability 

50    sec. 

Tracing 

30    sec. 

Tappmg 

30    sec. 

Dotting 

25  min. 

Copying 

2    mm. 

Location 

2^  min. 

Blocks 

2I  min. 

Pursuit 

Form  C 
Form  r 

Same  both  times 


Form  D 
Form  t 


4/19/30 


5    mm. 

ID    min. 

9    min. 

i|  min. 


Opposites  Test 
Artificial  Language 
Arithmetic  Reasoning 
Number  Progression 


Form  D 
1928  ed. 
Odd  Prob. 
Form  C 


Form  C 

1927  ed. 
Even  Prob. 
Form  B 


This  table  should  be  read  as  follows:  On  April  16,  1930,  before  the  12-hour  period  of  mental  multipli- 
cation, Form  A  of  the  Opposites  Test  was  taken.  Form  B  was  taken  after  the  12-hour  period.  Five 
minutes  was  allowed  for  the  test. 


logical  tests  of  the  morning.  The  sub- 
jects were  then  free  to  go  home,  eat  din- 
ner, and  retire. 

The  tests  given  before  and  after  each 
of  the  12-hour  periods  of  mental  multi- 
plication have  been  summarized  in 
Table  5. 

RESULTS   AND   INTERPRETATION 

First  Day 

In  the  morning,  Form  A  of  the  Oppo- 
sites Test  was  taken  bv  the  three  Sub- 
jects,  X,  Y,  and  Z,  and  in  the  evening 
Form  B  of  the  same  test,  standardized 
as  comparable  to  Form  A,  was  taken. 
The  Scores  of  Subjects  X  and  Z  were  11 
and  9  points  lower,  respectively,  in  the 
evening  after  the  12-hour  period  of  men- 
tal multiplication  than  in  the  morning, 
preceding  the  work  period.  Subject  Y's 
score  showed  no  change.  This  decrease  in 
scores  for  Subjects  X  and  Z  would  ap- 


pear to  indicate  a  decrease  in  alertness 
in  the  evening.  Table  6  indicates  the 
scores  made  on  the  several  tests  before 
and  after  the  12-hour  periods  of  work, 
and  the  positive  or  negative  gains  for 
the  first  and  second  days  of  the  fatigue 
series. 

In  order  to  test  the  effects  of  difficult 
mental  work  on  reading  ability,  Tests 
la  and  ib  from  the  Thorndike  Intelli- 
gence Examination  for  High  School 
graduates  were  given,  respectively,  be- 
fore and  after  the  12-hour  period  of 
mental  multiplication.  All  the  subjects 
scored  loAver  after  the  12-hour  period 
of  mental  work,  the  decrease  ranging 
from  8  to  14  points.  These  differences 
seemed  to  indicate  some  transferred 
fatigue.  (See  Table  6.) 

Second  Day 

Forms  A  and  B  of  the  Opposites  Test 
were  reversed.  Form  B  being  given  in  the 
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Table  6 
Test  Scores  First  Day,  April  i6,  1930 


J                            Subject 

Before 

After 

Difference 

The  Opposites  Test 

Test  A 

TestB 

X 

72 

61 

—  II 

Y 

S8 

58 

0 

Z 

69 

60 

-   9 

Reading,  Comprehension 

re5<  I  a 

Test  lb 

X 

17 

II 

-   6 

18 

10 

-   8 

35 

21 

-14 

Y 

13 

9^ 

-   3i 

16 

II 

-   5 

29 

2o| 

-   81 

Z 

IS 

9 

-   6 

II 

13 

+   2 

26 

22 

-    4 

Test  Scores  Second  Day,  April 

17,  1930 

The  Opposites 

Tei/ 

Tests 

Test  A 

X 

n 

73 

+    2 

Y 

52 

66 

+  14 

Z 

71 

79 

+  8 

Test/ 

Test  I 

X 

48 

51 

+   3 

Y 

39 

41 

+    2 

Z 

45 

47 

+    2 

Completion  Test 

X 

50 

60 

+  10 

Y 

62 

68 

+  6 

Z 

60 

62 

+   2 

morning  before  the  mental  multiplica- 
tion period,  and  Form  A  after  the  12- 
hour  work  period.  On  this  day,  the 
scores  of  all  three  subjects  were  higher 
after  mental  work  than  before.  Subject 
Y,  whose  score  did  not  change  on  the 
first  day,  increased  her  score  after  the 
mental  work  on  the  second  day,  14 
points.  The  fact  that  the  tests  were  iden- 
tical with  those  given  on  the  previous 
day,  though  given  in  reverse  order  on 
the  second  day,  might  seem  to  discount 
the  increase  in  scores,  except  for  the  re- 
petitive element,  which  was  common  to 


both  Forms  A  and  B.  If  any  advantage 
had  been  gained  through  recency,  it 
should  have  favored  Form  B,  as  it  was 
this  form  that  had  been  given  in  the 
evening  of  the  first  day,  immediately 
preceding,  at  an  interval  of  only  1 1 
hours;  whereas,  the  interval  between  the 
two  Forms  of  Test  A  was  36  hours.  Pos- 
sibly the  test.  Form  A,  taken  in  the  morn- 
ing of  the  first  day,  was  more  easily  re- 
membered because  of  the  rested  condi- 
tion of  the  subjects  at  the  beginning  of 
the  fatigue  series. 

On  the  second  day,  also.  Forms  f  and 
1  of  the  Wylic  Opposites  Test  were  ad- 
ministered: Form  f  in  the  morning,  and 
Form  1  in  the  evening.  (See  Table  6.) 
On  these  tests  all  three  Subjects  made 
slightly  higher  scores  after  the  mental 
multiplication  than  they  had  before. 

In  the  Completion  Test  taken  from 
the  Thurstone  Psychological  Examina- 
tion, which  was  given  in  identical  form 
both  before  and  after  the  12  hours'  men- 
tal work,  all  three  subjects  scored  some- 
what higher  the  second  time  the  test  was 
taken.  Memory,  undoubtedly,  facili- 
tated the  second  performance.  Certainly 
the  effects  of  transferred  fatigue,  if  they 
were  present,  were  not  apparent  as  meas- 
ured by  any  of  the  measuring  devices 
used  at  the  close  of  the  second  day  of 
mental  work. 

Third  Day 

On  this  day  scores  for  Subjects  X  and 
Z  on  Forms  C  and  D  of  tiic  Wylie  Op- 
posites Test  were  decidedly  higher  in 
the  evening  than  they  had  been  in  the 
morning  (Table  7).  Subject  X's  drojj  in 
score  on  these  tests,  both  before  and  after 
mental  work,  has  not  been  explained. 
The  results  of  the  other  tests  taken  by 
Subject  X  on  this  same  day  are  average, 
as  compared  with  her  other  records  and 
those  of  the  other  two  subjects. 
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Table  7 
Test  Scores  Third  Day,  April  18,  1930 


Subject 

Before 

After 

Difference 

The  Opposites 

Test 

X 
Y 
Z 

X 

Y 
Z 

Test  C 
47 
71 
72 

Test  r 

42 

37 
46 

TestD 

58 
70 
86 

Testt 

33 
27 

33 

+  11 

—  I 

+  14 

-  9 
— 10 

-13 

Macqiiarrie  Test  for 

Mechan 

ical 

Ability 

Subject  X 

Subject  Y 

Subject 

Z 

Time 

Be- 
fore 

After 

Differ- 
ence 

Be- 
fore 

After 

Differ- 
ence 

Be- 
fore 

After 

Differ- 
ence 

Tracing 

41 

25 

— 

16 

44 

36 

— 

8 

42 

46 

+  4 

50    seconds 

Tapping 

44 

38 

— 

6 

46 

44 

— 

2 

46 

46 

0 

30 

Dotting 

23 

21 

— 

2 

26 

23 

— 

3 

23 

23 

0 

30 

Copying 

70 

67 

— 

3 

33 

17 

— 

16 

58 

53 

-5 

2I  minutes 

Location 

40 

40 

0 

36 

37 

+ 

I 

33 

37 

+  4 

2 

Blocks 

25 

24 

— 

I 

18 

19 

+ 

I 

18 

18 

0 

2i            " 

Pursuit 

28 

31 

+ 

3 

28 

29 

+ 

I 

26 

20 

-6 

2^            " 

Test  Scores  Fourth  Day, 

April 

10, 

1930 

The  Opposites 

Test 

X 

Y 
Z 

TestD 

71 
69 
88 

Test  C 
66 
73 

77 

-  5 
+  4 

—  II 

Artificial  Langtiage 

X 

72 

S6 

-16 

Y 

73 

72 

—    I 

Z 

46 

37 

-    9 

Arithmetic  Reasoning 

1 

X 

32 

20 

—  12 

Y 

20 

16 

—   4 

Z 

20 

16 

-    4 

Number  Progression 

X 

8 

10 

+    2 

Y 

3 

5 

+    2 

Z 

6 

6 

0 

In  the  cases  of  all  three  subjects, 
Fonn  r,  taken  in  the  morning,  was  con- 
siderably higher  than  Form  t,  taken  in 
the  evening.  These  tests,  Fonns  r  and 
t,  however,  had  not  been  standardized 
as  comparable  with  each  other  as  Forms 
A,  B,  C,  and  D  had  been  standardized 
as  comparable  among  themselves.  There- 
fore, the  differences  resulting  from 
Forms  r  and  t  may  have  been  due  to  the 


inherent  quality  of  the  tests  rather  than 
to  the  effects  of  fatigue  on  the  subjects. 
On  the  third  day,  the  Macquarrie  Test 
for  Mechanical  Abilitv  was  eiven  both 
before  and  after  the  12-hour  period  of 
mental  work.  Five-sevenths  of  the  scores 
for  all  three  subjects  were  lower  after  the 
mental  work  period.  Of  the  scores  that 
were  higher,  all  but  one  represented 
performance  of  activities  easily  remem- 
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bered  from  the  morning  to  the  evening 
performance,  such,  for  example,  as  the 
location  of  letters  in  a  square.  There 
were  seven  separate  tests  in  the  Macquar- 
rie  Mechanical  Aptitude  battery,  and  the 
three  subjects  taking  the  tests  made 
twenty-one  diflcrent  scores.  Of  these,  fif- 
teen scores  were  lower  or  identical  in 
the  evening  as  compared  with  the  morn- 
ing scores.  Three  of  the  six  remaining 
scores  were  higher  by  1  point  only  in 
the  evening,  one  was  3  points  higher, 
and  two,  4  points  higher.  Only  two  scores 
were  significantly  lower  in  the  evening. 
They  may  have  signified  a  lessening  of 
sensory-motor  coordination.  The  erratic 
nature  of  the  scores  made  on  the  third 
day,  at  the  close  of  the  12-hour  period  of 
mental  work,  as  compared  with  the 
scores  made  at  the  beginning  of  that  day, 
and  also,  with  scores  made  both  before 
and  after  work  on  the  two  preceding 
days,  may  have  indicated  some  transfer 
of  fatigue. 

Fourth  Day 

On  the  last  day  of  the  fatigue  series, 
the  differences  in  scores  between  the 
morning  and  evening  performances  on 
the  Wylie  Opposites  Test,  showed  a  wide 
range.  Form  D  was  repeated  this  time  in 
the  morning,  immediately  following  its 
administration  on  the  evening  before; 
and  Form  C  was  repeated  in  the  evening, 
having  been  given  originally  in  the 
morning  of  the  preceding  day. 

The  scores  of  all  three  subjects  on 
Form  C,  when  taken  in  the  morning  of 
the  third  day,  were  somewhat  lower  than 
the  scores  of  the  three  subjects  on  the 
same  Form  C  taken  after  mental  multi- 
plication on  the  fourth  day.  Strangely 
enough,  the  scores  of  all  three  subjects 
on  Form  D,  taken  after  mental  work  on 
the  third  day,  as  compared  with  the 
scores  of  the  three  subjects  on  the  same 


Form  D,  taken  before  the  mental  mul- 
tiplication period  on  the  fourth  day,  did 
not  reflect  consistently  the  recovery  from 
fatigue  which  might  have  been  antici- 
pated after  the  night's  rest. 

Morning  and  evening  scores  on  the 
fourth  day,  on  the  Wylie  Opposites  Test, 
varied  from  an  improvement  of  4  points 
by  Subject  Y  to  a  loss  of  1 1  points  by 
Subject  Z. 

In  the  Artificial  Language  test,  also 
taken  from  the  Thurstone  Psychologi- 
cal Examination,  the  evening  scores  were 
all  lower  than  those  made  in  the  morn- 
ing, but  the  differences  ranged  from  1 
to  16  points  loss. 

Scores  on  the  Arithmetic  Reasoning 
Test  from  the  Thurstone  Psychological 
Examination  were  also  lower  in  the  eve- 
ning than  in  the  morning.  Subject  X 
dropped  12  points  and  Subjects  Y  and  Z, 
4  points  each. 

In  the  Number  Progression  Test  from 
the  Thorndike  Intelligence  Examination 
for  High  School  Graduates,  identical 
forms  of  which  were  given  before  and 
after  the  mental  multiplication  period, 
scores  were  either  identical  or  slightly 
better  after  the  12-hour  period  of  mental 
work  than  before.  Memory  appeared  to 
ha\e  offset  the  effects  of  fatigue,  if  fa- 
tigue were  present. 

The  results  of  the  Artificial  Language 
and  Arithmetic  Reasoning  Tests,  on  the 
fourth  day  of  the  fatigue  series,  appeared 
to  indicate  that  novel  mental  tasks  re- 
(juiring  a  high  degree  of  organization 
and  initiative,  were  affected  in  some 
measure  by  fatigue.  That  this  fatigue 
was  probably  cumulative,  was  evidenced 
by  instability  and  unaccountable  varia- 
tion in  the  scores  of  both  morning  and 
evening  on  the  third  and  fourth  days. 

The   Wylie  Opposites  Test 

Table  H  shows  a  conij)lcte  synopsis  of 
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Table  8 

The  Opposites  Test  by  Wylie 

A  list  of  35  words  was  given  for  which  the  subject  wrote  an  antonym  beginning  with  a  prescribed  letter. 

Tests  A,  B,  C,  D — 5  minutes — 35  words 
Tests  f,  1,  r,  t — 2  minutes — 20  words 

Test  Scores 


Day 

Subject  X 

Subject  Y 

Subject  Z 

Before 

After 

Differ- 
ence 

Before 

After 

Differ- 
ence 

Before 

Aftei 

Differ- 
ence 

I 

A    72 

B 

6i 

—  II 

A    58 

B 

S8 

0 

A    69 

B 

60 

-   9 

2 

B    71 

f     48 

A 

1 

73 
51 

+   2 
+   3 

B    52 
f      39 

A 

1 

66 
41 

+  14 

+  2 

B    71 

f      45 

A 

1 

79 
47 

+  8 

+   2 

3 

C    47 

r      42 

D 

c 

58 
33 

+  11 
-   9 

C    71 

r     37 

C 

t 

70 
27 

—  I 

—  10 

C  72 
r     46 

D 

t 

86 
33 

+  14 
-13 

4 

D    71 

C 

66 

-   5 

D    69 

c 

73 

+   4 

D    88 

C 

77 

—  II 

Median  score  for  Seniors  in  college  was  240,  that  is,  the  sum  of  the  scores  of  tests  A,  B,  C,  and  D. 
For  superior  adults  with  special  training  in  English,  the  median  score  of  290  is  suggested  by  Wylie. 

Scores  of  Tests  Taken  for  the  First  Time  Only 

Subject  X  Subject  Y                 Subject  Z 

Form  A     Before                               72  58                              69 

Form  B     After                                   61  58                                60 

Form.  C     Before                                47  71                                72 

Form  D     After                                 58  70                              86 

Total  for  Series                             238  257                              287 

the  scores  on  all  the  forms  of  the  Wylie  cept  for  one  score  of  47  on  Form  C  cited 
Opposites  Tests  taken  by  Subjects  X,  Y,  below,  was  higher  than  the  median  for 
and  Z  during  the  four  days  of  the  fatigue  third  year  college  students,  as  given  in 
series.  For  Subject  X  the  differences  be-  the  table  of  standards  by  Wylie.  If  the 
tween  the  scores  made  before  the  12-hour  scores  on  Forms  A,  B,  and  D  had  been 
periods  of  mental  multiplication  and  as  low  as  this  score  of  47  on  Form  C, 
those  made  after  the  mental  multiplica-  the  total  would  have  been  188  for  the 
tion  periods,  ranged  from  minus  1 1  to  four  forms.  The  median  for  college 
plus  11.  For  Subject  Y  the  range  was  freshmen  is  195.  The  highest  score  made 
minus  10  to  plus  14,  and  for  Subject  Z,  on  the  Wylie  Opposites  Tests:  A,  B,  C, 
minus  13  to  plus  14.  Not  one  of  the  and  D  was  88  on  Form  D.  If  this  score 
subjects  was  consistently  higher  or  had  been  taken  for  the  four  forms,  the 
lower,  respectively,  in  her  scores  before  total  would  have  been  352.  For  superior 
or  after  the  12-hour  mental  work  per-  adults  with  special  training  in  English, 
iods.  Accordingly,  the  Wylie  Opposites  a  median  score  of  290  is  suggested  by 
Tests  did  not  provide  a  sensitive  enough  Wylie.  On  the  other  hand,  the  lowest 
measuring  device  to  justify  any  conclu-  score  after  work,  on  any  of  the  four 
sions  relative  to  transferred  fatigue.  The  days  was  58.  If  this  score  had  been  as- 
lowest  score,  58,  made  by  any  of  the  sub-  sumed  for  the  other  three  tests  as  well, 
jects  during  the  experiment,  using  the  the  total  would  have  been  232,  which 
standardized  Forms  A,  B,  C,  and  D,  ex-  would  be  nearly  as  high  as  the  median. 
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240,  for  college  seniors.  Therefore,  even 
the  lowest  score  made  after  the  12-hoiir 
mental  work  periods,  did  not  show  any 
serious  aberration  in  mental  ability.  To- 
tal scores  made  before  and  after  the  12- 
hour  periods  of  mental  multiplication 
by  subjects  X,  Y,  and  Z  for  the  series  of 
standardized  Forms  A,  B,  C,  and  D  were 
the  following: 

Wylie  Opposites  Test 
Forms  A,  B.  C,  D 

Total  of  Scores  for  Series 

Subject  Before  After 

X  261  258 

Y  250  267 

Z  300  302 

Since  Subject  X  lost  only  three  points 
on  this  series  following  the  periods  of 
mental  work,  and  Subject  Z  gained  only 
two  points,  the  rather  considerable  gain 
of  Subject  Y  remained  unexplained,  but 
failed  certainly,  to  reveal  evidence  of 
transferred  mental  fatigue. 

SUMMARY    AND    CONCLUSIONS 

The  purpose  of  this  investigation  was 
to  determine,  if  possible,  the  effect  of 
the  continuous  operation  of  mental  mul- 
tiplication of  four-place  numbers  by 
four-place  numbers  for  four  successive 
12-hour  days  upon  certain  other  mental 
functions.  Accordingly,  certain  mental 
tests  were  administered  to  the  three  Sub- 
jects, X,  Y,  and  Z  of  this  experiment  for 
a  period  not  exceeding  twenty-five  min- 
utes both  before  and  after  the  12-hour 
periods  of  mental  multiplication. 

Results  of  the  tests  given  before  and 
after  the  12-hour  mental  multiplica- 
tion periods  over  the  four-day  fatigue 
series  were  not  consistent  enough  to  jus- 
tify final  conclusions.  At  the  close  of  the 
first  day,  all  the  subjects  made  lower 
scores  after  the  12-hour  period  of  mental 
work,  the  decrease  ranging  from  8  to 
14  points,  than  they  did  on  equivalent 
forms  of  the  same  tests  taken  before  the 
12    hours    of   mental    work.    These    dif- 


ferences on  the  first  day  seemed  to  indi- 
cate some  transferred  fatigue.  On  the 
second  day,  however,  all  three  subjects 
made  slightly  higher,  thougli  not  sig- 
nificantly higher,  scores  after  the  mental 
multiplication  than  before.  On  the  third 
day,  the  erratic  and  even  contradictory 
nature  of  the  scores  made  both  before 
and  after  the  12-hour  period  of  mental 
work,  may  have  indicated  some  transfer 
of  fatigue.  Sensory-motor  coordination 
tests  seemed  somewhat  more  indicative 
of  fatigue. 

The  results  of  the  Artificial  Language 
and  Arithmetic  Reasoning  Tests,  on  the 
fourth  day  of  the  fatigue  series,  appeared 
to  indicate  that  novel  mental  tasks  re- 
cjuiring  a  high  degree  of  organization 
and  initiative  were  affected  slightly,  at 
best,  by  fatigue.  That  this  fatigue  was 
probably  cumulative,  was  evidenced  by 
the  instability  and  unaccountable  varia- 
tion in  the  scores  of  both  morning  and 
evening  tests  on  the  third  and  fourth 
days.  Tests  that  were  repeated  in  iden- 
tical forms  all  showed  higher  scores  on 
the  second  performance  with  one  excep- 
tion. This  improved  performance  ap- 
peared even  when  identical  tests  were 
repeated  after  the  12  hours  of  mental 
work.  Hence  the  function  of  memory 
seemed  to  be  significant. 

Fatigue  effects  appeared  to  have  been 
counteracted  to  some  extent,  at  least,  by 
the  nervous  stimulation  which  produced 
capacity  production  toward  the  end  of 
the  day,  despite  physical  fatigue  and 
mental  boredom. 

How  much  of  the  fatigue  effect  which 
was  evidenced  by  inconsistent  scores  was 
due  to  transferred  mental  fatigue  or  to 
physical  deterioration  due  to  lack  of 
food  and  exercise,  cannot  be  evaluated. 
Neither  should  one  assume  to  set  the 
limits  of  individual  endurance  or  safety 
as  the  result  of  the  findings  of  this  ex- 
j)crinieiu. 


Chapter  III 
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THE   PROBLEM 

Till  TROBLEM  (4)  Avas  to  discovei" 
A\  hcthcr  or  not  definite  physical  signs 
ol  fatigue  accompanied  the  mental  mul- 
tiplication of  four-place  numbers  lor  a 
period  of  twelve  hours  on  four  consecu- 
tive days,  with  an  added  twenty-five  min- 
utes of  psychological  examinations  ad- 
ministered both  before  and  after  the  12- 
hour  mental  multiplication  periods.  If 
these  signs  were  measurable  in  terms  of 
the  tests  used,  to  what  extent  did  they 
appear? 

Tests  Used 

Physiological  tests  recorded  were 
changes  in  (1)  abdominal  and  costal  re- 
spiratory movements;  (2)  metabolic  rates; 
(3)  pulse,  temperature,  and  weight;  (4) 
blood  content,  as  indicated  by  hemo- 
globin percentage,  erythrocyte  and  leu- 
cocyte counts,  and  color  index;  (5)  meta- 
bolic products,  as  shown  by  urine  analy- 
sis. 

The  Experiment 

Records  of  physiological  processes 
were  made  on  the  day  preceding  and  the 
day  following  the  four-day  fatigue  se- 
ries, and  on  each  day  of  the  fatigue 
series,  at  corresponding  times  of  morning 
and  evening.  An  eight  minute  period  was 
allowed  both  before  and  after  the  12- 
hour  mental  multiplication  periods— 
these  in  addition  to  the  twenty-five  min- 
ute morning  and  evening  psychological 
testing  periods— for  securing  specimens 
of  blood  and  urine,  and  recording 
weight,  temperature,  pulse,  metabolic 
rate,  and  respiratory  movements. 


Materials  and  Equiptnent 

Standard  technical  methods  were  used 
for  determining  weight,  pulse,  tempera- 
ture, metabolic  rate,  urine  analysis,  and 
blood  count.  The  Sanborn  Graphic 
Metabolic  machine  for  recording  oxy- 
gen consumption  was  employed.  Changes 
in  abdominal  and  costal  respiratory 
movements  were  made  by  the  use  of 
pneumographic  belts  arranged  in  such 
a  manner  that  records  were  made  on 
the  kymograph  drum. 

The  Experiment 

Recordings  of  the  present  study  ex- 
tended over  a  period  of  six  days,  includ- 
ing not  only  the  fatigue  series,  but  also 
the  day  before  and  the  day  afterward. 
In  a  small  room  near  the  one  equipped 
for  problem  solving,  a  comfortable  cot 
was  placed  on  blocks  to  make  it  level 
with  the  metabolic  machine.  A  pillow 
and  covers  were  provided,  and  the  room 
temperature  was  maintained  at  approxi- 
mately seventy  degiees.  In  an  adjoining 
room,  equipment  for  blood  and  urine 
analysis  was  installed.  Every  test  was  sys- 
tematized in  order  that  as  little  discom- 
fort as  possible  be  suffered  by  the  sub- 
jects. 

Each  subject  ate  breakfast  before  com- 
ing to  the  laboratory.  Upon  arrival  at 
the  laboratory,  at  approximately  5:00 
A.  M.,  each  subject  reclined  for  at  least 
ten  minutes  to  compensate  for  climbing 
the  steps  to  the  second  story.  Then  the 
metabolic  rate  was  measured  on  the  San- 
born Graphic  Metabolic  machine,  ab- 
dominal and  costal  respiratory  move- 
ments were  graphed,  blood  was  taken, 
urine  samples  obtained,  weight,  tem- 
perature, and  pulse  recorded.  The  sub- 
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jccts  then  went  to  the  adjoining  office  for 
twenty-five  minutes  of  psychological  test- 
ing, and  thence  to  the  prol)leni-solving 
laboratory.  After  a  12-hour  period  of 
continuous  mental  multiplication  of 
four-place  numbers  without  food,  each 
suliject  returned  to  the  office  for  another 
twenty-five  minutes  of  psychological 
tests,  followed  by  a  repetition  of  the 
physiological  tests  of  the  morning.  No 
exchange  of  conversation  took  place 
among  the  subjects  or  laboratory  tech- 
nicians until  all  tests  of  the  day  were 
completed.  Not  only  were  urine  speci- 
mens obtained  before  and  after  each  12- 
hour  period  of  multiplication,  but  also, 
as  necessary,  during  the  12-hour  periods. 
The  subjects  then  went  home  to  dinner 
and  the  night's  rest. 

Following  the  four-day  fatigue  series, 
the  subjects  returned  both  morning  and 
evening  for  the  physiological  tests  in  or- 
der to  determine  any  after  effects. 

RESULTS 

Respiratory  Movement   (6) 

The  abdominal  and  costal  respiratory 
graphs  showed  at  the  end  of  the  first  two 
days  of  the  fatigue  series,  a  considerable 
variation  from  the  norms  established  for 
the  same  time  of  day  in  preceding  rec- 
ords. Depth  and  amplitude  of  respiratory 
graphs  were  increased  markedly  for  all 
three  subjects;  furthermore,  the  similar- 
ity between  the  curves  of  the  first  and 
second  day  was  noticeable.  At  the  end  of 
the  third  day,  the  curves  of  the  three 
subjects  showed  a  return  to  the  norms 
established  on  the  day  before  the  fatigue 
series  was  initiated.  At  the  end  of  the 
fourth  day,  the  curve  of  Subject  X  was 
almost  identical  with  the  norms  estab- 
lished for  Subject  X  on  the  day  preced- 
ing the  fatigue  series,  when  no  mental 
multiplication  was  performed.  This  re- 
turn to  the  normal  respiratory  curve  for 


Subject  X  seemed  to  indicate  that  pro- 
longed mental  effort  did  not  effect  ap- 
preciably her  respiration.  Subject  Y 
showed  a  slight  change  at  the  end  of  the 
fourth  day,  indicating  slower  and  more 
labored  respiration.  Subject  Z  showed 
more  even  and  natural  breathing  at  the 
end  of  the  fourth  day  than  she  had  at  the 
end  of  the  first  or  second  day.  This  data 
would  indicate  that  long  periods  of 
mental  work  per  se  have  very  little  effect 
upon  respiration. 

On  the  day  following  the  fatigue  se- 
ries, respiratory  graphs  showed  that  the 
abdominal  and  costal  breathing  of  all 
three  subjects  was  practically  the  same  as 
on  the  day  preceding  the  fatigue  series. 
Any  transferred  effect  of  prolonged 
mental  work  was  not  indicated  in  the 
respiratory  graphs  of  Subjects  X,  Y,  and 
Z. 

Metabolic  Rates 

The  metabolic  rates  shown  in  Tables 
g,  10,  and  11  represent  those  taken  before 
and  after  a  twelve-hour-and-fifty-minute 
period  on  each  of  the  four  days  of  the 
experiment,  and  also,  on  the  day  before 
and  the  day  after,  for  purposes  of  check- 
ing against  the  normal  rate. 

On  each  of  the  four  days  of  the  experi- 
ment, the  metabolic  rates  for  Subject  X 
were  higher  in  the  morning  than  in  the 
evening.  On  the  third  and  fourth  days 
the  rates  were  markedly  higher  than  for 
the  first  two  days.  In  the  evening  of  the 
last  day,  the  rate  was  much  higher  than 
for  the  evening  of  the  other  three  days. 
A  return  to  the  levels  of  the  first  day  was 
shown  on  the  check  day  following  the 
four  day  period.  For  Subject  Y,  the  same 
phenomena  held  true,  although  her  rate 
did  not  rise  so  high  as  the  rates  of  the 
other  two  subjects.  The  check  day  showed 
a  return  to  normal  rates.  Highest  rates 
for    Subject    Z    were    registered    in    the 


Table  q 
MiiTABOLic  Rate,  Pulse,  Temperature,  and  Weight  Recordings  for  Subject  X 


Age  23 — Height  62I 

inches 

Day 

Pulse 

Temp. 

Barometric 
Pressure 

Weight 

Per  Min. 

Actual 

Consumption 

Corrected* 

Per  Min. 

Normal 

Consumption 

Corrected* 

Basal 
Rate 

Check 

Day 

Before 

None 
Taken 

rst 

A.M. 
P.M. 

86 
72 

99.0 
98.4 

758  mm. 
758  mm. 

104^  lb. 
io4f  lb. 

300  cc. 
250  cc. 

178  cc. 
178  cc. 

69 
41 

2nd 
A.M. 
P.M. 

88 
68 

98.4 
98.6 

758  mm. 
758  mm. 

IDS    lb. 
103    lb. 

27s  cc. 
262  cc. 

178  cc. 
176  cc. 

55 
49 

3rd 
A.M. 
P.M. 

74 
68 

98.4 
98.6 

758  mm. 
758  mm. 

losi  lb. 
104^  lb. 

469  cc. 
235  cc. 

178  cc. 
178  cc. 

163 
31 

4th 

A.M. 
P.M. 

76 
70 

98.6 
98.6 

758  mm. 
757  mm- 

104I  lb. 
loiilb. 

733  cc. 
431  cc. 

178  cc. 
175  cc. 

312 
146 

Check 
Dav 
After 

A.M. 
P.M. 

86 
80 

98.6 
98.6 

757  mm. 
757  mm. 

loi  lb. 
loi  lb. 

266  cc. 

277  cc. 

175  cc. 
175  cc. 

53 
S8 

Oxygen  consumption. 

Table  10 

Metabolic  Rate,  Pulse,  Temperature,  and  Weight  Recordings  for  Subject  Y 


Age  24 — Height  62J 

nches 

Day 

Pulse 

Temp. 

Barometric 
Pressure 

Weight 

Per  Min. 

Actual  _ 

Consumption 

Corrected* 

Per  Min. 

Normal 

Consumption 

Corrected* 

Basal 
Rate 

Check 
Day 

Before 
a.m. 

P.M. 

82 
92 

98.4 
98.6 

758  mm. 
758  mm. 

104    lb. 
104    lb. 

294      cc. 
262.5  cc. 

177"     cc. 
177      cc. 

66 
48 

ISt 
A.M. 
P.M. 

92 

88 

98.4 
98.4 

758  mm. 
758  mm. 

104    lb. 
104    lb. 

262.5  cc. 
287      cc. 

177      cc. 
177      cc. 

48 
42 

2nd 
A.M. 
P.M. 

80 
84 

98.6 
98.6 

758  mm. 
758  mm. 

103^ lb. 
loof  lb. 

294      cc. 
287.5  cc. 

176      cc. 
175      cc. 

66 
64 

3rd 
A.M. 

P.M. 

88 
80 

98.6 
99.0 

758  mm. 
758  mm. 

102^  lb. 
looi  lb. 

281      cc. 
306      cc. 

176      cc. 
175      cc. 

55 
74 

4th 
A.M. 
P.M. 

84 
88 

98.6 
98.6 

758  mm. 
757  mm. 

102^  lb. 
99    lb. 

300      cc. 
281      cc. 

175      cc. 
173      cc. 

70 
62 

Check 
Day 

After 
A.M. 
P.M. 

86 
86 

98.4 
98.4 

757  mm. 
757  mm. 

loi    lb. 
102    lb. 

225      cc. 
231      cc. 

175      cc. 
175-5  cc. 

28 
30 

*  Oxygen  consumption. 
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mornings,  with  the  last  two  days  very 
much  higher  than  the  rates  for  the  first 
two  days.  Despite  these  high  rates  on  the 
third  and  fourth  days  of  the  experiment, 
the  check  day  following  showed  a  retin  n 
to  the  normal  rate.  The  increase  in  meta- 
bolic rates  on  the  third  and  fourth  days 
for  Subjects  X  and  Z  probably  indicated 
nervous  tension  stimulated  by  competi- 
tion. 

Pulse,  Temperature,  and  Weight 

These  results  are  given  in  Tables  9, 
10,   and    11.   Pulse  rates   for   Subject   X 


of  six  and  eight  points,  respectively,  on 
the  first  and  third  days.  Subject  Z's  pulse 
rates  remained  practically  the  same  from 
morning  to  evening  on  eacli  of  ihe  four 
days.  Hence  variations  in  pulse  rate  ap- 
])ear  too  slight  to  be  significant. 

The  body  temperatures  of  the  three 
subjects  were  not  affected  by  the  experi- 
ment, remaining  practically  normal 
throughout  the  four-day  series. 

Loss  of  weight,  however,  was  appreci- 
able for  each  of  the  three  subjects.  This 
was  due,  probably,  to  the  omission  of 
the  noon   meal,   the  decrease   in  liquid 


Table  ii 
Metabolic  Rate,  Pulse,  Temperature,  and  Weight  Recordings  for  Subject  Z 


Age  30— Height  67I 

inches 

Day 

Pulse 

Temp. 

• 

Barometric 
Pressure 

Weight 

Per  Min. 

Actual 

Consumption 

Corrected* 

Per  Min. 

Normal 

Consumption 

Corrected* 

Basal 
Rate 

Check 

Day 

Before 

A.M. 
P.M. 

90 
86 

98.6 
98.6 

758  mm. 
758  mm. 

152    lb. 
152    lb. 

3 1 2  .  5  cc. 
325      cc. 

215      cc. 
215      cc. 

46 
52 

ISt 
A.M. 
P.M. 

88 
86 

98.6 
98.6 

758  mm. 
758  mm. 

152    lb. 
i5o|lb. 

325      cc. 
294      cc. 

215      cc. 
214      cc. 

52 
36 

2nd 
A.M. 
P.M. 

90 
92 

98.6 
98.6 

758  mm. 
758  mm. 

i53Ub. 
1492  lb. 

319      cc. 
300      cc. 

217      cc. 
214     cc. 

47 
40 

3rd 
A.M. 
P.M. 

90 
90 

98.4 
98.8 

758  mm. 
758  mm. 

iSof  lb. 
146!  lb. 

512.5  cc. 
425      cc. 

214      cc. 

212         CC. 

139 
100 

4th 
A.M. 
P.M. 

90 
90 

98.4 
98.6 

758  mm. 
757  mm. 

151    lb. 
148    lb. 

1230      cc. 
529      cc. 

214        CC. 
212.5  CC. 

474 
148 

Check 
Day 

After 

A.M. 
P.M. 

86 
86 

98.4 
98.6 

757  mm. 
757  mm. 

148^  lb. 
148I lb. 

300      cc. 
300      cc. 

2  I  2  .  5  CC. 

212.5  CC. 

41 
41 

*  Oxygen  consumption. 

were    consistently    lower    every    evening  intake,    and    to    insensible   perspiration, 

than  they  had  been  in  the  morning,  with  caused  by  nervous  tension. 

as   much    decrease    as    20   beats    on    the 

second  day.  For  Subject  Y  the  pulse  rate  ^Jmnges  in  Blood  Content 

varied  from  an  increase  of  four  beats  in  Blood  samples  were  checked   for  per 

the   evening   over   the   morning  on    the  cent  of  hemoglobin,  erythrocyte  count, 

second   and   fourth  days,   to  a  decrease  leucocyte    count    and    color    index.    See 
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Table  12 
Blood  Count — Subject  X 


Dax 


Hemo- 
globin 


Krylhro- 
cytes 


Lciico-     Color 
cvtes      Index 


Check       None 
Day         Taken 
Before 


1st 

A.M. 

62% 

3 

QOO 

000 

12 

000 

•79 

P.M. 

61% 

3 

800, 

000 

ID 

Ooo 

.80 

2nd 

A.M. 

61% 

3 

850 

000 

7 

000 

•79 

P.M. 

60% 

3 

810 

000 

7 

800 

•75 

3rd 

A.M. 

61% 

4 

090 

000 

b 

000 

•74 

P.M. 

63% 

4 

240 

000 

9 

400 

•71 

4th 

A.M. 

61% 

4 

140 

000 

7 

,600 

•73 

P.M. 

63% 

4 

,  100 

,000 

9 

,300 

.76 

Check 

Day 

After 

A.M. 
P.M. 


60% 
61% 


4,050,000 
4, 100,000 


8,000 
7,400 


■74 
,72 


Tables  12,  13,  and  14.  For  Subject  X,  the 
hemoglobin  per  cent  varied  from  60% 

Table  13 
Blood  Count — Subject  Y 


Day 


Hemo- 
globin 


Erythro- 
cytes 


Leuco- 
cytes 


Check 
Day 

Before 
a.m. 

P.M. 


58% 
58% 


4,450,000 
4,360,000 


7  ,000 
7,700 


Color 
Index 


•65 
.66 


I  St 

A.M. 

57% 

3 

910 

000 

6 

300 

.72 

P.M. 

59% 

4 

350 

000 

8 

500 

.67 

2nd 

A.M. 

57% 

4 

100 

000 

6 

900 

.69 

P.M. 

57% 

4 

020 

000 

8 

300 

.70 

3rd 

A.M. 

57% 

4 

120 

000 

7 

200 

.69 

P.M. 

59% 

3 

,970 

,000 

9 

300 

•74 

4th 

A.M. 

58% 

3 

,970 

,000 

8 

,200 

•75 

P.M. 

60% 

4 

,030 

,000 

7 

,500 

•74 

Check 
Day 
After 

A.M. 
P.M. 


59% 
59% 


3,910,000 
3,810,000 


6,300 
7,600 


•75 
•77 


to  63%,  which  Avas  not  enough  to  be 
significant,  and  might  even  be  attributed 
to  technical  method.  This  ajij)lied,  also, 
to  the  erythrocyte  coinii,  in  Avhich  the 
highest  count  was  4,2.40,000  per  cubic 
millimeter,  the  lowest  3,800,000.  The 
leucocyte  coinit  dropped  from  12,000  per 
cubic  millimeter  to  10,600  on  the  first 
day,  but  on  the  three  succeeding  days, 
there  were  rises,  respectively,  of  800; 
3,400;  and  1,700.  On  the  day  following 
the   fatigue   series,    the   leucocyte   count 


Table  14 
Blood  Count — Subject  Z 


Day 


Hemo- 
globin 


Erythro- 
cytes 


Leuco- 
cytes 


Color 
Index 


Check 

Day 

Before 

A.M. 

P.M. 


64% 
64% 


4 , 000 , 000 
4, 170,000 


5,000 
4,800 


,80 
.76 


I  St 
A.M. 
P.M. 


66% 
66% 


4,250,000 
4, 200,000 


7  ,000 
7  ,000 


77 
79 


2nd 
A.M. 
P.M. 


64% 
66% 


4,250,000 
4,230,000 


7,400 
8,700 


■75 
■77 


3rd 
A.M. 
P.M. 


65% 
66% 


4,430,000 
4,330,000 


6, 100 
7,700 


•73 
,76 


4th 
A.M. 

P.M. 


66% 
66% 


4,300,000 
4,400,000 


9,700 
8,000 


■  76 

•75 


Check 
Day 
After 

A.M. 
P.M. 


66%       4,350,000       9,200        .75 
66%       4,260,000       7,500        .77 


dropped  600  from  morning  to  evening. 
Color  index  variation  ranged  from  .71 
to  .79,  depending  on  the  hemoglobin  and 
erythrocyte  counts.  These  variations 
were  not  significant,  for  the  leucocyte 
count  normally  rises  in  the  afternoon. 
The  data  for  Subject  Y  were  similar, 
the  per  cent  of  hemoglobin  ranging  from 
57%  to  60%;  the  erythrocyte  count  from 
4,450,000  in  the  morning  before  the  fa- 
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Table  15 
Urine  Analysis — Subject  X 


Day 

Color 

Appear- 
ance 

Reaction 

Specific 
Gravity 

Sugar 

Albumen 

Acetone 

Diacetic 

Check 

None 

Day 

Before 

ISt 

D 

CI 

Neut. 

2.000 

N 

N 

N 

N 

Y 

C 

Neut. 

.700 

N 

N 

N 

N 

P 

C 

Neut. 

•750 

N 

N 

N 

N 

2nd 

VP 

C 

Neut. 

.850 

N 

N 

P 

N 

VP 

C 

SI.  Acid 

•450 

N 

N 

P 

N 

P 

C 

Acid 

■67s 

N 

N 

P 

N 

3rd 

DY 

C 

Acid 

1-275 

N 

N 

SI.  P 

N 

Y 

C 

Acid 

1 .070 

N 

N 

SI.  P 

N 

Y 

C 

Acid 

2  .040 

N 

N 

SI.  P 

N 

4th 

VP 

CI 

Neut. 

1.050 

N 

N 

N 

N 

VP 

CI 

Acid 

•950 

N 

N 

N 

N 

Check 

DY 

c 

Acid 

3-650 

N 

N 

N 

N 

Dav 

After 

Note:  D  =  Dark,  Y=Yellow,  P  =  Pale,  V  =  Very,  C!  =  CIoudy,  C  =  Clear,  Neut.  =  Neutral,  N=Neg- 
ative,  P  =  Positive,  SI.  =Slightly. 


tigue  series,  to  3,810,000  in  the  evening 
of  the  day  folio-wing  the  four  days  of 
mental  work;  the  color  index  varying 
from  .65  on  the  day  before  the  experi- 
ment, to  .77  on  the  day  following.  The 
leucocyte  count  remained  always  w'ithin 
the  normal  limits  of  5,000  to  10,000  per 
cubic  millimeter,  but  showed  a  marked 
rise  in  the  evening  count  over  the  morn- 
ing count,  except  on  the  last  day  of  the 
experiment,  when  the  morning  count 
was  8,200  and  the  evening  7,500. 

Subject  Z  registered  no  changes,  ex- 
cept those  within  the  normal  limits.  The 
per  cent  of  hemoglobin  varied  from  64% 
to  66%  during  the  whole  tested  per- 
iod. 

Considering  all  the  data  obtained, 
there  were  no  deviations  from  the  nor- 
mal of  sufficient  significance  to  warrant  a 
conclusion  that  fatigue  was  registered  in 
the  blood. 

Changes  in  Urine  Analysis 

The  urine  Avas  examined  for  indica- 
tions of  fatigue,  as  waste  products  from 


body  metabolism  are  excreted  through 
tliis  medium.  Color,  appearance,  specific 
gravity,  presence  of  sugar,  albumen,  ace- 
tone, and  diacetic  acid  weie  noted.  From 
a  study  of  Tables  15,  16,  and  17,  for 
Subjects  X,  Y,  and  Z,  one  may  readily 
observe  that  the  only  factor  which  ap- 
peared as  a  deviation  from  the  normal, 
was  the  appearance  of  acetone.  This, 
probably,  Avas  caused  by  a  lack  of  carbo- 
hydrate sufficient  to  oxidize  the  burning 
fat.  This  can  be  accounted  for  by  the 
fact  that  no  noon-day  meal  was  eaten. 
The  high  specific  gravity,  in  a  few  in- 
stances, was  influenced  by  lack  of  water 
intake.  The  variations  from  normal 
color  and  appearance,  acid  reaction,  and 
specific  gravity  were  not  sufficiently  wide 
to  be  indicative  of  fatigue.  The  sugar, 
albumen,  and  diacetic  reactions  were 
consistently  ncg;ui\c. 

Relations    between    Metabolic    Rates 
and  Per  Cent  of  Error 

Table   18  shows  the  per  cent  of  digit 
error  for  each  subject  on  each  day  of  the 
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Table  16 
Urine  Analysis — Subject  Y 


Day 


Check 

Day 

Before 


Color 


Appear- 
ance 


Reaction  J'^^K^  Sugar      Albumen      Acetone      Diacetic 


Neut. 


.300 


N 


N 


N 


N 


ISt 


Y 

C 

Acid 

1.950 

N 

N 

N 

N 

Y 

C 

Acid 

1.450 

N 

N 

N 

N 

P 

C 

Neut. 

•95° 

N 

N 

N 

N 

P 

C 

Neut. 

•950 

N 

N 

N 

N 

P 

C 

Neut. 

•950 

N 

N 

P 

N 

Y 

C 

Acid 

2.050 

N 

N 

P 

N 

2nd 

Y 

C 

Neut. 

1 .  150 

N 

N 

P 

N 

P 

C 

Acid 

1 .  170 

N 

N 

P 

N 

P 

C 

Acid 

•950 

N 

N 

P 

N 

3rd 

Y 

c 

Neut. 

1 .050 

N 

N 

SI.  P 

N 

Y 

c 

Acid 

1. 150 

N 

N 

P 

N 

4th 

Y 

c 

Neut. 

1 .  170 

N 

N 

SI.  P 

N 

P 

c 

Acid 

1 .050 

N 

N 

SI.  P 

N 

Y 

c 

Acid 

1 .  100 

N 

N 

SI.  P 

N 

Check 

DY 

c 

Acid 

1-750 

N 

N 

N 

N 

Day 

Y 

c 

Acid 

2  .400 

N 

N 

N 

N 

After 

Note:  D  =  Dark,   Y=Yello\v,   P  =  Pale,   C  =  Clear,   Neut.  =  Neutral,   N  =  Negative,  Sl.=Slightly, 
P  =  Positive. 

Table  17 
Urine  Analysis — Subject  Z 


Day 


Color 


Appear- 
ance 


Reaction 


Specific 
Gravity 


Sugar      Albumen      Acetone      Diacetic 


Check 

Day 

Before 


LY 
D 


C 
C 


Acid 
Neut. 


.  222 
.080 


N 
N 


N 
N 


N 
N 


N 
N 


ISt 

Y 

C 

Neut. 

•950 

N 

N 

N 

N 

P 

C 

Neut. 

1 .000 

N 

N 

N 

N 

P 

C 

Neut. 

2  .000 

N 

N 

N 

N 

•     P 

C 

Neut. 

2.500 

N 

N 

N 

N 

DY 

C 

Acid 

2  .000 

N 

N 

SI.  P 

N 

2nd 

VP 

C 

Neut. 

.067 

■     N 

N 

SI.  P 

N 

VP 

C 

Neut. 

•095 

N 

N 

SI.  P 

N 

VP 

C 

Neut. 

N 

N 

SI.  P 

N 

P 

C 

Neut. 

— 

N 

N 

p 

N 

3rd 

Y 

CI 

Neut. 

1.450 

N 

N 

SI.  P 

N 

P 

c 

Acid 

.650 

N 

N 

SI.  P 

N 

P 

c 

Acid 

1. 150 

N 

N 

P 

N 

4th 


Y 
P 
Y 
Y 


C 
C 
C 
C 


Neut. 
Neut. 
Acid 
Acid 


•9SO 
1 .050 
1.950 
2.050 


N 
N 
N 
N 


N 
N 
N 
N 


SI.  P 

SI.  P 

SI.  P 

SI.  P 


N 
N 
N 
N 


Check 

P 

C 

Acid 

.600 

N 

N 

N 

N 

Day 

P 

C 

Acid 

•.350 

N 

N 

N 

N 

After 

Note:  L  =  Light,  D  =  Dark.  Y=  Yellow,  V  = 
N  =  Negative,  SI.  =  Slightly,  P  =  Positive. 


=  Very,  P  =  Pale,  C  =  Clear,  Cl  =  Cloudy,  Neut.  =  Neutral, 
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Table  i8 
Per  Cent  of  Digit  Error  and  Metabolic  Rate 


Day 

Prob. 

Total  Fig. 
in  Answer 

Errors 

Per  Cent 
of  Errors 

Met. 

Rates 

A.M. 

P.M. 

Subject 

X 

ISt 

90 

640 

68 

10.63 

69 

41 

2n(l 

lOI 

808 

82 

10.  IS 

55 

49 

3rd 

114 

912 

136 

14.91 

163 

31 

4  th 

IIS 

920 

3280 

138 
424 

15.00 

312 

146 

12.92 

Subject 

Y 

ISt 

62 

496 

.      46 

9.27 

48 

42 

2n(l 

79 

632 

69 

11.70 

66 

64 

3rd 

92 

736 

no 

14.94 

55 

74 

4th 

92 

736 
2600 

102 

327 

13-85 
12.57 

70 

62 

■ 

Subject 

Z 

ISt 

80 

640 

47 

7-34 

52 

37 

2nd 

97 

776 

79 

10.18 

47 

40 

3rd 

106 

848 

127 

15.09 

139 

100 

4  th 

100 

800 
3064 

87 
340 

10.88 

474 

148 

II  .09 

fatigue  scries.  Comparison  of  the  meta- 
bolic rates  with  the  percentage  of  error 
for  each  day,  revealed  a  definite  corre- 
lation between  the  increase  in  metabolic 
rate  and  the  increase  in  per  cent  of  error. 
For  example,  Subject  X,  on  the  first  day, 
made  10.63%  digit  errors,  concurrent 
with  a  metabolic  rate  of  plus  6g  (morn- 
ing) and  41  (evening).  On  the  fourth  day, 
her  per  cent  of  error  was  15%  and  the 
metabolic  rates,  plus  163  and  312.  For 
Subject  Y,  the  per  cent  of  error  ranged 
from  927%  on  the  first  day  to  14.94% 
on  the  third  day,  with  a  metabolic  rate 
ranging  from  plus  47  on  the  first  day  to 
plus  74  on  the  third  day.  Subject  Z's  per 
cent  of  error  ranged  from  7.34%  on  the 
first  day  to  1509%  on  the  third  day, 
while  the  metabolic  rate  rose  from  plus 
52  on  the  first  day  to  139  on  the  evening 
of  the  third  day.  Despite  some  inconsis- 
tencies in  readings,  the  evidence  points 
to  a  definite  correlation  between  in- 
crease in  metabolic  rate  and  increase  in 
per  cent  of  error. 


CONCLUSIONS 

As  a  result  of  four  consecutive  1 2-hour 
days  at  the  task  of  mental  multiplica- 
tion of  four-place  numbers.  Subjects  X, 
Y,  and  Z  of  the  present  experiment  dis- 
played few  conclusive  signs  of  unusual 
physical  fatigue  as  revealed  in  measure- 
ments of  abdominal  and  costal  respira- 
tory movements,  of  metabolic  rates, 
pulse,  temperature,  and  weight  record- 
ings, of  blood  content,  and  urine  analy- 
sis. 

Depth  and  amplitude  of  respiration 
showed  some  increases  at  the  ends  of  the 
first  and  second  days,  due  perhaps,  to  the 
excitement  of  initiating  the  experiment, 
but  a  certain  tendency  to  return  to  the 
normal  distinguished  the  respiratory 
graphs  during  the  third  and  fourth  days, 
and  was  followed  by  a  complete  return 
to  normal  on  the  day  following  the  ex- 
periment. Therefore,  one  might  logically 
conclude  that  prolonged  mental  effort 
had  little  efTect  upon  respiration. 
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Metabolic     rates     increased     for     all 
three  subjects  as  the  fatigue  series  pro- 
oressed,  but  the  rate  of  increase  differed 
widely  among  the  three  individuals  and 
lx)re  an  unmistakable  relation  to  the  de- 
gree of  fatigue  experienced  by  the  sub- 
ject. Subject  Y,  who  made  no  attempt  to 
compete  in  speed  with  Subjects  X  and  Z, 
thousih  q-ainins:  in  metabolic  rate  from 
the  first  day  to  the  third,  nevertheless, 
maintained  a  relatively  low  rate  as  com- 
pared with  Subjects  X  and  Z,  who  ob- 
viously were  competing  with  each  other. 
Increase  of  metabolic  rate  was  significant 
and    distressing    during    the    third    and 
fourth  days  for  Subjects  X  and  Z,  who 
without  doubt,  were  working  near  the 
limit  of  their  nervous  capacity.  Subject 
Z,  because  of  illness  in  her  family,  was 
unable  to  sleep  at  night,  except  fitfully, 
^vhich  probably  accounted  for  her  high 
morning   metabolic   rates   on    the    third 
and  fourth  days.  A  significant  relation- 
ship between  per  cent  of  digit  error  or 
speed  or  both,  and  metabolic  rate  was  es- 
tablished for  all  three  subjects,  though 
the  correlation  was  far  from  perfect.  Too 
consistent  to  attribute   to  any   freak  of 
chance,  however,  was  the  rise  in  metabol- 
ic  rate    accompanying    the    gradual    in- 
crease in  per  cent  of  digit  error  and  the 
acceleration  of  speed  during  the  latter 
t^vo  days  of  the  fatigue  series. 


Pulse  rate  was  slightly  affected,  if  at 
all,  and  bodily  temperature,  not  at  all 
by  the  four  days  of  mental  multiplica- 
tion. Loss  in  body  weight,  resulting  from 
lessened  food  and  liquid  intake,  and 
also,  from  insensible  perspiration,  no 
doubt  due  to  nervous  tension,  were 
among  the  more  apparent,  though  less 
significant  changes  brought  about  by  the 
mental  work  periods. 

No  other  than  normal  changes  in  the 
blood  content  were  observable,  as  indi- 
cated by  the  per  cent  of  hemoglobin, 
erythrocyte  count,  leucocyte  count,  and 
color  index  of  the  Subjects  X,  Y,  and  Z. 

Urine  analysis  revealed  little  evidence 
of  physiological  changes  resulting  from 
the  fatigue  series,  but  increase  in  fatigue 
products  was  shown  by  the  presence  of 
acetone,  which  was  probably  caused  by 
the  lack  of  carbohydrate  intake  sufficient 
to  oxidize  the  burning  fat. 

Despite  subjective  states  of  physical 
fatigue  and  over-wrought  nerves,  recog- 
nized by  all  three  subjects,  the  records 
showed  little  indication  of  physical  fa- 
tigue except  for  the  rise  in  metabolic 
rates  during  the  third  and  fourth  days 
of  the  fatigue  series.  Even  these  meta- 
bolic rates  had  returned  to  normal  on 
the  morning  of  the  day  following  the  ex- 
periment. 
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Appendix 
Comments  of  Subjects  X,  Y,  and  /.  Diking  the  Fatigue  Series 


COMMENTS  were  typed  \erbatim  from 
the  original  notations  on  the  slips 
containing-  the  ])roblems  as  given  and  the 
answers  as  obtained  by  Subjects  X,  Y, 
and  Z  at  the  time  of  the  experiment  in 
April,   1930. 

Some  problems,  of  course,  were  solved 
Avithout  any  comment;  only  the  numbers 
of  problems  which  did  provoke  com- 
ment are  listed. 

Despite  many  discrepancies  and  con- 
tradictions, "feelings"  of  fatigue  paral- 
leled in  a  general  way,  for  all  three 
subjects,  the  incidence  of  error.  As  "feel- 
ings" of  fatigue  or  subjective  states  of 
boredom,  weariness,  or  actual  physical 
and  nervous  discomforture  accompanied 
continuous  effort  and  the  increasing  in- 
cidence of  error,  it  followed  that  "feel- 
ings" were  not  mutually  independent  of 
actual  physical  and  mental  states.  That 
they  were  not,  however,  accurate  indices 
of  efficiency  or  of  physical  well-being  was 
evident  in  both  cursory  and  scientific  ex- 
amination of  such  data  as  that  presented 
in  Table  19. 

The  data  in  Table  19  indicate  that 
Subjects  X,  Y,  and  Z  in  their  notations 
of  the  first  day  (notations  were  written 
independently  by  Subjects  between  the 
solutions  of  problems,  just  after  answers 
had  been  recorded)  that  26  problems  had 


seemed  to  one,  at  least,  of  the  three, 
peculiarly  easy  to  work.  Of  these,  20 
problems  were  correct  and  G  contained 
enor.  On  the  second  day,  24  problems 
only  were  correct  out  of  43  noted  as  es- 
pecially easy;  on  the  third,  8  problems 
only  out  of  26;  and  on  the  fourth,  12 
out  of  23. 

Of  the  problems  noted  by  Subjects  X, 
Y,  and  Z  as  particularly  difficult  to  work, 
13  out  of  25  were  correct  on  the  first  day; 
1 1  out  of  24  on  the  second  day;  4  out  of 
15  on  the  third;  and  7  out  of  18  on  the 
fourth  day. 

Of  the  problems  which  were  worked 
under  conditions  of  some  mental  con- 
fusion or  physical  discomfiture  so  pro- 
nounced that  it  caused  mental  confusion, 
as  cited  by  at  least  one  of  Subjects  X, 
Y,  and  Z,  33  were  correct  out  of  62 
worked  on  the  first  day;  41  out  of  95 
on  the  second;  27  out  of  73  on  the  third; 
and  23  out  of  77  on  the  fourth.  The 
phenomenon  of  mental  confusion  para- 
lelled,  on  the  second  day,  apparently,  the 
increasingly  difficult  adjustment  to  the 
confining  routine  of  the  fatigue  series; 
on  the  third  day,  the  cumulative  burden 
of  continuous  effort  under  supreme 
strain;  and  on  the  fourth,  the  resolution 
of  some  tension  with  the  end  of  the  or- 
deal in  sight. 


Table  19 

Summary  of  More  Frequent  Comments  Noted  by  Subjects  X,  Y,  and  Z  During  the 
Prolonged  Mental  Multiplication  of  Four-Place  Numbers 


"Easy  to  Solve" 
Notation 

"Difficult  to  Solve" 
Notation 

"Mental  Confu- 
sion" Notation 

"Exterior  Disturb- 
ance" Notation 

Correct 

Error 

Correct 

Error 

Correct 

Error 

Correct 

Error 

ist  Day 
2n(l  Day 
3rd   Day 
4  th  Day 

20 

24 

8 

12 

6 

19 
18 
II 

13 
II 

12 

13 
II 
II 

33 
41 
27 

23 

29 

54 
46 

54 

17 
10 

I 
2 

12 

10 
6 

I 

39 


]0      ZELMA    L.    HUXTABI.E,    MIRIAM    H.    WHITE    AND    MARJORIE    A.    MC  CARTOR 

or  the  problems  ^\•ol•kc{l  during  sonic  day.   The   inionsity   ol    physiral   discom- 

typc   of   outside   disturbance   suflicicntly  fuurc  and  growing  mental  ha/iness  were 

anno\ing   to   provoke   written    comment  so    absorbing,    appaienth,    during    the 

by  one  or  more  of  Subjects  X,  V,  and  Z,  third  and  fomth  days,  that  few  remarks 

1 7  A\ere  correct  out  of  29  on  the  first  day;  were  made  concerning  outside  disturb- 

10  out  of  20  on  the  second;  one  out  of  ances. 
7  on  the  third;  2  out  of  3  on  the  fourth 

Comments  Made  Between  Problems  During  the  Fatigue  Series— by  Subject  X 

(Correct)  refers  t(^  the  answer. 

(1  or  more  errors;  means  digits  wrong  in  answer. 

First  Day 
Problem  Number 

1.  Feel  well— not  sleepy  but  somewhat  tired— anxious  to  begin  work.  Just  recovered  from 
a  cold.  (1  error) 

6.  Lack  of  concentration  on  problem.  (Correct) 

7.  Boy  entered  room  and  left.  (1  error) 

8.  Peculiar  problem  when  multiplying.  (Correct) 

10.  Someone  entered— I  asked  him  to  leave  and  almost  forgot  the  "760"  of  answer,  (i  error) 

17.  Had  to  rework  part  of  problem  to  get  a  forgotten  number  in  a  partial  product.  (Correct) 

18.  Boys  are  mopping  this  room  and  talking!!!  (Correct) 

20.  Lost  part  of  problem.  Do  reworked  part.  (Correct) 

21.  Drank  water— am  hungry.  (Correct) 

22".  Badly  confused,  worked  part  over  but  should  have  worked  all  of  it.  (i  error) 

23.  Re-working  it.  (Correct) 

24.  Still  restless,  (i  error) 

30.  Thought  of  other  things.  Miss  Smull  brought  in  orange  juice.  It's  tempting.  (Correct) 

36.  Use  facial  muscles  too  much!  (Correct) 

45.  Lavatory.  And  drank  more  water.  (Slightly  hungry  again  and  am  restless  but  feel  fine. 

(Correct) 
50.  Mother  and  Aunt  Lulu  brought  broth— not  going  to  take  it.  (Correct) 
54.  Thought  of  other  things— returned  to  problem  when  I  noticed  it.  (Correct) 
60.  Feel  fine  but  sometimes  take  short  vacations  without  intending  to.  (Correct) 

62.  Restless  but  feel  well.  (Correct) 

63.  Lavatory.  Drank  more  water.  (3  errors) 

64.  Lack  of  attention  again.  (2  errors) 

66.  Mother  and  Aunt  Lulu  here  with  more  to  eat.  Won't.  Not  very  hungry  anyway.  (Correct) 

68.  Drank  water.  (1  error) 

69.  Feel  fine  but  am  restless  and  find  it  hard  to  get  much  accomj^lished.  Both  harder  to 

memorize  and  harder  to  work  now.  (2  errors) 

70.  Inattention  again.  (3  errors) 

74.  Drank  water  and  closed  door  while  working  problem.  (1  error) 
77.  Easy  one.  (2  errors) 

79.  Very  restless.  (2  errors) 

80.  Ran  out  of  problems.  (3  errors)  (6: 15  a.m.  to  6:03  p.m.) 

Second  Day 
Problem  Number 

3.  Restless  already  but  easy  to  work  prob.  Chair  is  hard.  (Correct) 

5.  Easy  to  memorize.  (Correct) 

6.  Have  moved— am  sitting  on  cot— it  is  softer  than  the  chair.  (Correct) 

9.  Something  like  last  one.  (4  errors) 
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10.  Easy  to  ineiiiorize.  Easy.  (Correct) 
12.  Very  slightly  dizzy.  (Correct) 

16.  Easy.  (Correct) 

19.  Lost  part  of  third  partial  product,  (i  error) 

20.  Seems  a  little  harder  to  do  problems— some  difficulty  in  memorizing  partial  products. 

(Correct) 

21.  Lavatory— no  bottles.  Got  pillow  for  back.  Drank  one  glass  of  water.  (2  errors) 
23.  Miss  Smull  in  but  didn't  disturb.  (Correct) 

28.  Harder  to  memorize  this  type.  (Correct) 

31.  Little  confusing  with  all  low  numbers.  (6  errors) 

32.  Easy  but  is  it  right?  (2  errors) 

33.  Another  easy  one."  (Correct) 

37.  Drank  glass  of  water.  Forgot  part  of  problem.  (Correct) 

38.  Almost  forgot.  (1  error) 

40.  Lavatory  and  drank  1  glass  of  water.  (2  errors) 

43.  Easy  one.  (1  error) 

44.  Another  easy  one.  (Correct) 

47.  Forgot  part  of  orig.  prob.  (Correct) 

50.  Lavatory— also  drank  one  more  glass  of  water.  (2  errors) 

54.  Have  had  this  prob.  or  at  least  most  of  it  before.  (Correct) 

55.  Easy  to  memorize  but  not  easy  to  work.  (1  error) 

56.  Have  had  part  or  all  of  this  prob.  before.  (Correct) 

57.  Forgot  part.  (Correct) 

58.  Had  it  before— think  it  is  wrong.  (1  error— Same  as  50) 

59.  Had  problem  similar  to  this  yesterday.  (1  error) 

60.  Forgot  some.  Seems  hard  not  to  remember  all  of  prob.  and  partial  probs.  (Correct) 

61.  Miss  S.  and  Aunt  L.  in  room  but  would  have  been  almost  as  hard  to  work  prob.  anyway. 

(Correct) 

63.  Am   getting  restless— until   now   have   been   much   less   restless   today   than   yesterday. 

(2  errors) 

64.  Feel  fine  but  don't  seem  to  be  able  to  do  problems  as  well  as  I  did  t^his  morning. 

(Correct) 

65.  Easier.  (Correct) 

67.  Spoke  to  Miss  S.  asked  for  more  probs. 

71.  Feel  well.  Muscles  of  face  particularly  around  eyes  and  mouth  feel  drawn.  (3  errors) 

74.  Dr.  R.  brought  more  probs.  Only  slightly  disturbing  (1  error) 

75.  Lavatory.  (1  error) 
78.  Easy  one.  (2  errors) 

80.  Feel  well— am  not  nearly  as  restless  as  yesterday— muscles  of  face  still  feel  drawn.  (2 

errors) 
83.  Mrs.  H.  moving  around.  (Correct) 
85.  Restless— wringing  hands.  (Correct) 
loi.  Forgot  part.  Feel  fine— have  been  moving  hands,  etc.,  constantly  for  last  3  hours— not 

as  restless  as  yesterday,  however. 

Third  Day 

Problem  Number 

17.  For  first  time  this  morning  thought  of  outside  things  while  working  probs.  (2  errors) 

20.  Lost  total  of  first  two  partial  products— reworked  to  that  point  before  going  on. 

(1  error) 

21.  Easy,  (i  error) 

27.  Easy!  Feel  fine  but  seems  to  be  harder  to  remember  partial  products  than  it  was  at  first. 
(2  errors) 

29.  Lower  figures  are  easier  to  use  than  larger  ones.  (1  error) 

39.  Lost  problem  when  nearly  worked— Miss  S.  here— asked  for  pillow.  (1  error) 
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40.  Drank,  water  while  working  prob.  (2  errors) 

45.  Lost   part  of  probs.   and  reworked   first  part  while  trying  to  remember  third  partial 

product.  (Correct) 
50.  Have  had  this  problem  before  and  am  sure  I  made  a  mistake  in  working  it  before— made 

it  dillicult  to  work  this  time.  (1  error)  (Same  as  No.  40) 

49.  Before?  (4  errors)  (Same  as  39) 

56.  Did  not  pay  attention  to  prob.  all  the  time.  (Correct)  (9  min.  20  sec.) 
70.  Drank  water.  (Correct) 

73.  Dr.  R.  licre.  Sj^oke  to  him.  Forgot  about  zero.  Facial  muscles  sore  and  drawn.  Throat 
feels  tight.  (2  errors) 

77.  Have  had  this  before.  (Correct— same  as  57) 

78.  Lack  of  strict  attention.  (1  error— 7  min.) 

81.  Lack  of  attention  again.  (2  errors— 9  min.  5  sec.) 

87.  Have  very  slight  headache.  It  is  exceedingly  difficult  to  remember  the  nimibers  of  the 

prob.  and  partial  products.  The  numbers  do  not  stand  out  clearly— I  have  a  feeling 
of  grasping  them  tight  to  prevent  their  slipping  away.  (1  error— 10  min.  30  sec.) 

88.  .Vm  lying  down  to  see  if  that  will  help.  Every  time  I  worked  a  partial  product  over  I 

got  a  different  answer  and  in  the  meantime  I  lost  the  rest  of  it.  I  am  trying  to  push 
myself  but  so  far  it  hasn't  had  any  effect.  (Correct— 14  min.  45  sec.) 

8g.  Slight  headache.  (1  error— 8  min.  35  sec.) 

90.  Feci  better  now.  (Correct— 9  min.  10  sec.) 

95.  Sitting  up  again.  (Correct— 3  min.  45  sec.) 

99.  Lavatory  and  drank  a  glass  of  water.  Have  felt  better  this  past  hour  than  during  pre- 
ceding hour.  I  do  not  have  a  headache  but  there  is  a  feeling  of  heaviness.  (1  error) 
(114  probs.  solved) 

Fourth  Day 

Problem  A^ umber 

9.  Have  to  use  devices  already— such  as  365  equals  days  in  the  year,  etc.  Are  these  problems 
a  repetition  of  some  on  a  preceding  day?  Seem  familiar.  (Correct) 

14.  I  feel  as  if  I  were  not  doing  these  problems  as  rapidly  as  I  did  yesterday  but  I  seem  to 

be  getting  almost  as  many  done.  (1  error) 

15.  Did  I  find  a  mistake  or  make  one?  (4  errors) 

16.  Lavatory.  (2  errors) 

20.  In  working  problem  this  time  I  made  a  mistake  but  remembered  partial  product  I  had 

in  same  problem  before  so  checked  and  found  error.  (3  errors— same  as  16) 
22.  Easy.  (2  errors) 
24.  Easy.  (Correct) 
28.  Before.  (Correct— same  as  21) 
37.  Difficult.  (Correct) 

40.  Before.  (1  error— same  as  35) 

41.  Something  wrong.  (2  errors) 

45.  Before.  (Correct— same  as  31) 

46.  Before?  (2  errors— no  duplication) 

47.  Lack  of  strict  attention.  Thought  of  other  things  during  prob.  (Correct) 

48.  Lavatory  and  drank  water.  Rather  hungry.  Feel  fine.  Not  as  tired  as  earlier  in  the  day. 

(3  errors) 

50.  Thought  of  other  things.  (1  error) 

51.  Lost  part— had  to  rework  first  partial  prod.  (1  error) 

57.  Thought  of  other  things— got  off  by  trying  to  find  a  connection  by  which  to  remember 

a  partial  product.  Whenever  there  is  no  inherent  connection  in  the  number  series 
I  hunt  an  outside  association  such  as  "23"  is  my  own  age,  etc.  (4  errors) 

58.  Made  mistake  in  problem  when  doing  it  before— perhaps  made  another  one  this  time, 

too.  (2  errors) 


RE-INTERPRETATION    OF    THE    ARAI    FATIGUE    EXPERIMENT  43 

61.  Lost  part  of  problem— whole  of  first  two  partial  products— reworked  them.  (1  error) 

62.  Stood  up  while  working  this  one.  (Correct) 

63.  DilFicult.  (Correct) 

69.  Dr.  R.  here— difficult  to  keep  prob.  with  interruption.  (Correct) 

78.  Slightly  hungry.  (1  error) 

80.  Difficult  because  not  usual  form;  I's  and  a  zero.  (Correct) 

83.  Diiricult.  Feel  fine,  (i  error) 

88.  Watcli  stopped  during  this  problem.  Reset  it.  (2  errors) 

89.  Feci  much  better  than  yesterday.  No  headache.  Not  "hazy."  (1  error) 

94.  Slightly  hungry  but  feel  fine.  Not  difficult  to  work  probs  so  far  today.  (Correct) 

99.  Probs  that  are  identical  or  similar  to  previous  probs  are  often  confusing  to  work.  (2 

errors— same  as  85) 
100.  Some   difficulty  in  remembering  partial   products  on   this  one.  Drank  glass  of  water. 

Corrected  hours— had  used  6  instead  of  4.  (1  error) 
105.  Still  feel  very  well.  Have  not  felt  bad  at  any  time  during  the  day.  No  headache  and 
no  great  difficulty  in  working.  (3  errors) 

Comments  Made  Between  Problems  During  the  Fatigue  Series— by  Subject  Y 

First  Day 
Problem  Number 

6.  Water  was  brought  in.  (Correct) 

1 1 .  Boys  mopped  the  floor.  (Correct) 

12.  Worked  problem  over  because  I  got  2  niunbers  twisted  (1  error) 

13.  Went  to  lavatory.  Forgot  one  number  in  multiplier  and  had  to  start  over,  (i  error) 

2 1 .  Forgot  and  started  over.  (Correct) 

23.  Laughter  of  boys  and  all  of  us.  Hard  to  remember.  Easier  to  remember  near  the  end 

(2  errors) 

24.  Harder  to  hang  on  to  all  the  numbers.  (2  errors) 

25.  Easier  to  remember  all  the  way  through.  (Correct) 

26.  Easier  to  remember  than  15  minutes  ago.  (1  error) 
31.  Went  to  lavatory,  (i  error) 

34.  Lay  down.  (Correct— 12:30) 

38.  Mother  came  in  to  bring  soup.  (2  errors— 19  min.  40  sec.) 

42.  Lights  turned  off.  (2  errors) 

43.  Very  hungr).  (1  error— 2:10) 
48.  Getting  fidgety.  (2  errors) 

51.  Orange  juice  brought  in.  Some  talking,  but  not  to  me.  (Correct) 

52.  This  went  more  easily.  (Correct) 

53.  Getting  easier.  (1  error) 

54.  Went  to  lavatory.  (Correct) 

63.  Thinking  about  the  end— Hard  to  remember  multipliers.  (4  errors) 

Second  Day 
Problem  Number 

16.  Water  was  brought  in.  (Correct) 

17.  Mind  wandered.  Examined  specimens  in  the  lab.  (1  error) 

18.  Water.  (Correct) 

22.  Forgot  and  started  over  twice.  (Correct) 

25.  Lavatory— Drank  more  water.  Head  over  right  eye  aches  a  little,  (i  error) 

29.  Forgot  and  started  over  when  I  was  nearly  through.  Boy  came  in  and  walked  nKumd 

(4  errors) 

30.  Problems  seem  harder  to  do.  (Correct) 
33.  Forgot  and  did  part  of  it  over.  (2  errors) 
41.  Forgot— started  over.  (1  error) 
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42.  Forgot  near  the  cud  and  started  over.  (4  errors) 

46.  Forgot— did  part  over  again.  (1  error)  ^  ^ 

47.  Interrupted!  Arrival  of  soup!  (1  error)  (Did  not  eat  it)  2/ 

52.  Started  o\  cr.  (2  errors)  f 

53.  Lavatory— Talked   to   Miss  SmuU.  Head  feels  rather  stuffy.  Still  aches  over  right  eye. 

Forgot  and  had  to  look  at  prob  again,  (i  error) 

54.  Hard  to  remember.  (Correct) 

56.  "Water.  (1  error) 

57.  Headache  is  getiiug  more  bothersome.  (2  errors) 

72.  Getting  easier  to  remember.  (1  error)  v- 

73.  Water.  (1  error)  | 

Third  Day 
Problem  Number 

9.  Getting  harder  to  remember.  (Correct)  ^ 

15.  Dates— Easy  to  remember.  (Correct') 

20.  Started  problem  all  over  because  I  was  multiplying  wrong  numbers.  (2  errors) 

27.  Dates— wars.  (2  errors) 

29.  Forgot— multiplied  by  wrong  number.  Went  over  part  of  it.  (terror) 

30.  ^Vater.  (1  error) 
33.  Water.  (1  error) 

38.  Water— Lavatory.  (1  error) 

43.  Dates— war  and  Ind.  (1898-1776— Correct) 

49.  I  think  I  had  this  one  before.  (1  error— same  as  39) 

50.  Had  this  before.  (Correct— Same  as  40) 

52.  Zeros  mixed  me  for  awhile.  (5  errors— 2  zeros  in  prob.) 

53.  Recognized  this  one.  (4  errors) 
57.  Dates— Wars.  (1  error) 

60.  Seemed  familiar.  (Correct— same  as  29's  multiplicand) 
75.  Dates.  History,  (i  error) 
77.  Dates.  Same  as  one  before  upside  down.  (Correct— same  as  57) 

80.  Dates.  (1  error) 

81.  Lavatory.  Water.  (3  errors) 
85.  Multiplied  by  wrong  number  and  had  to  start  over.  (1  error) 

89.  Hard  to  keep  it  in  hand.  (Correct) 

90.  Hard  to  keep  numbers  in  mind.  Forgot  one  number  for  awhile.  (1  error) 

Fourth  Day 
Problem  Number 

20.  Duplicate.  (2  errors— same  as  16) 

28.  Duplicate.  (1  error— same  as  21) 
40.  Duplicate.  (2  errors— same  as  35) 

45.  Duplicate.  (1  error— same  as  31) 

46.  Hard  to  keep  at  this  one— Numbers  got  lost.  Changed  from  chair  to  bed.  (2  errors) 

47.  Harder  to  keep  concentrating  on  the  prob.  (6  errors) 

50.  More  difficult  to  remember.  Exasperating.  (4  errors) 

51.  This  was  easier.  (Correct) 

69.  Duplicate.   Forgot   and   multiplied   wrong  number— 3   instead  of  6   to  begin.   Started 

again.  (1  error— same  as  60) 

70.  Mind  wandered.  (Correct) 

74.  Forgot  and  started  over.  (1  error) 
80.  Dates.  Lavatory.  Water.  (Correct) 
89.  Hard  to  keep  in  mind.  (1  error) 
92.  I  knew  this  was  the  last  and  it  seemed  as  though  it  would  never  end.  (1  error) 
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Comments  Made  Betaveen  Probi  ems  During  the  Fatigue  Series— by  Subject  Z 

Abbreviations 

(C)— Correct  ansAver 

P'igures,  such  as  3-05— time  in  minutes  and  seconds  for  solving  proljlcm 

2  errors,  etc.— number  of  digit  errors  in  answer 

First  Day 
Problem  Number 

1.  Easy  memory.  (C)  (3-05) 

8.  Feel  sleepy.  Table  too  low,  hurts  back.  Memory  difficult.  (C)  (5-40) 

9.  Difficult  memory.  (C) 

1 1.  Feel  I  am  making  good  progress.  Chair  uncomfortable.  Nose  bothers.  (C) 

12.  Time  out  to  lie  down  on  bed.  Easy  problem.  (C)  (3-40) 

13.  Time  out;  uncomfortable.  (C) 

14.  Disturbed;   Miss  Smull  nurse  in  attendance  lighted  stove.  Problem  easy.  Time  out  to 

get  fixed  more  comfortably.  (C) 

15.  Time  out  for  nose  and  drink.  Easy  but  forgot  figures.  (2  errors) 

16.  Easy  problem.  (C)  (3-10) 

17.  Time  out  to  adjust  stove.  Easy  memor)'  but  mixed  digits  and  had  to  rework.  (C) 

18.  Easy  problem.  (C) 

19.  More  difficult  but  problem  easy  to  remember.  (1  error) 

20.  Easy  problem.  Disturbance— boys  talking  and  mopping  floor.  Can't  work  with  talk.  (C) 

(8-20) 

21.  Easy,  but  too  many  noises.  (C)  (5-50) 

22.  Time  out,  lavatory.  Hard  to  recall  numbers— day  dreaming.  (C) 

23.  Lazy.  Forgot.  (C)  (10-10) 

24.  Difficult  to  recall— day  dreaming.  (1  error) 

25.  Easy.  (C)  (2-55) 

26.  Easy,  but  I  forgot.  (C)  (8-30) 

27.  "0  "  makes  problem  easier.  (C) 

28.  Hard  to  remember  problem.  (2  errors) 

29.  Can't  remember  original  problem  as  well  as  at  first.  (C) 

30.  Easy,    but    I    can't   remember   anything.    (C)  (8-55) 

31.  Easy  problem.  No  memor)'  needed  for  original  problem.  Time  out  a  minute.  (C) 

32.  Not  sure  of  answer.  (3  errors)  (9  minutes) 

33.  Problem  hard  to  remember.  (C) 

34.  Problem  difficult  to  remember.  (1  error) 

35.  Time  out  to  drink  orange  juice,  also  lavatory.  In  cross  multiplying,  digits  get  confused. 

Problem  easier  to  remember.  (C) 

36.  Distinctly  remember  problem.  Am  sure  answer  was  altogether  different.  Looking  back 

to  satisfy  my  curiosity.  Can't  find  it.  (1  error) 

37.  Problem  difficult.  (C)  (6-15) 

38.  Problem  difficult  to  recall.  (2  errors) 

44.  Clock  great  annoyance  when  it  strikes.  Writing  this  now  lest  T  forget.  Forgot  problem; 
had  to  rework.  (2  errors)  (8-35) 

46.  Problem  difficult;  beginning  to  feel  hazy  mentally.  (2  errors)  (1 1-55) 

47.  Problem  easy.  I'm  not  so  good.  (C) 

49.  Time  out,  lavatory.  So  angry  I  can't  think.  Provoked  because  I  drank  orange  juice.  (2 

errors) 

50.  Suspect  this  answer  wTong.  Eyes  hurt  from  strain.  (1  error) 

52.  This  problem  like  one  done  previously.  Digits  in  it  were  3264 

X4925 


(Number  47  like  this).  (C)  (4-55) 
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53.  Distmbamc.  Mrs.  Harker  brought  in  food  to  tempt  us.  (1  error) 

54.  Won't  guarantee  this  answer.  (1  error) 

55.  Problem  difTuult  to  remember.  (C) 

rM    Bciiinninir  to  dv.wv  muscles  ol    lace  Avhcn  can't  recall.  Problem  very  dilFicult.  (i   error) 

(11-30) 
37.  Perhaps  mv  wav  of  working  the  problems  makes  this  one  dillicult.  Terribly  difficult  lor 

inc.  (1  error)  (10-50) 

58.  Recall  very  dillicult:  feel  muscles  of  forehead  pulling.  (C) 

59.  Time  out  to  close  door.  Another  hard  problem.  (C) 

60.  Remembered  problem  because  18  x  2  =  36.  Answer  seemed  wrong  to  me.  Very  difficult 

problem.  (C) 

61.  Had  hard  time  getting  this  problem;  eyes  hurt  so  badly  that  they  hindered.  (C)  (12-10) 

62.  Time  out.  La\atory.  Problem  out  of  place  ^\•hen  I  returned.  Zeros  made  problem  easy. 

(3  errors)  (5-20) 

63.  Problem  seemed  familiar;  do  not  recall  answer.  (1  error) 

64.  Should  have  worked  problem  more  cjuickly.  Eyes  chief  hindrance.  (C) 

65.  Problem  should  ha\e  been  worked  more  cjuickly.  (3  errors) 

66.  Can't  remember— eyes  hurt.  (C)  (15-20) 

67.  Light  makes  eyes  burn.  Can't  work  efficiently.  Too  tired  sitting.  (C) 

68.  Think  I  must  have  caught  cold  in  eyes.  (1  error) 

69.  Disturbance;  more  food  brought  in  to  tempt  us.  (2  errors) 

70.  Forgot  several  times.  Problem  may  be  wrong;  not  any  too  sure.  (C) 

71.  Fatigue  beginning  to  show  in  blank  mind.  Many  times  combinations  disappear  com- 

pletely. When  I  am  beginning  a  day's  work,  I  never  forget;  only  after  I  have  tried  many 
problems  does  this  phenomenon  appear.  (C)  (5-50) 

72.  Mind  a  complete  blank  several  times.  Problem  not  easy  to  associate.  Simply  cannot  re- 

member. (C) 

73.  With  great  effort  speeded  up  a  little.  Answer  may  not  be  correct.  (1  error) 

74.  Don't  feel  sure  about  answer.  Combinations  left  me  several  times.  (1  error) 

75.  Too  tired  to  think  (1  error) 

76.  58-68  combination  easier.  (C)  (6-20) 

77.  Loafing.  Hate  to  do  this  now.  (1  error)  (12-40) 

78.  Slips  stacked  upside  down.  62-52  combination  easier.  (C) 

79.  Problem  easy.  Should  do  it  in  3-4  minutes.  Sleepy.  (C)  (7-10) 

80.  Problem  easily  worked.  Time  does  not  show  strain  under  which  problem  was  worked. 

(C)  (11-00) 

Second  Day 
Problem  Number 

6.  Not  too  sure  of  answer.  May  have  confused  digits.  Easy  problem,  nevertheless.  (1  error) 

(5-30) 

8.  Answer  not  too  sure.  (C)  (4-00) 

9.  Problem  easy  but  I  kept  forgetting  combinations  in  original  problem.  (C) 

10.  Combinations  stick  without  memorizing  them.  Easy  problem.  (C)  (3-50) 

11.  Problem  easy,  but  I  confused  answer.  (2  errors)  (4-40) 

12.  "0"  makes  problem  simpler  except  that  it  causes  a  little  thought  as  to  what  to  do  with 

it.  (C)  (4-40) 

13.  Lavatory.  (C) 

14.  Problem  very  easy;  but  I  am  lazy.  (C)  (4-50) 

15.  I  take  a  mental  vacation  everytime  the  clock  strikes.  Problem  very  easy,  but  I  forgot 

answer.  (1  error) 

16.  Easy;  I  should  have  done  it  in  half  time.  (C)  (5-20) 

17.  Knew  answer  wrong.  Reworked.  (1  error)  (8-25) 

18.  Frequently  u^ed  fingers  to  recall  digits,  especially  when  memory  failed.  Problem  difficult. 

(1  error) 
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19.  Difficult  answer.  (1  error) 

20.  Time  out  to  fix  bed.  Had  to  rework  three  or  tour  places  in  answer.  (C)  (11) 

22.  Consumed  glass  of  water.  Problem  easy  to  remember  but  answer  is  big  number.  (2 

errors)  (4-40) 

23.  So  easy  that  I  got  mixed  up  on  the  I's.  (C)  (5-0) 

24.  Difficult.  (C)  (7-35) 

25.  Not  sure  of  answer.  Don't  feel  like  reworking.  (2  errors) 

26.  Have  headache— quite  a  bad  one.  Answer  probably  incorrect.  (C)  (10-) 

27.  Beginning  to  feel  that  I  may  not  be  able  to  last  out  the  day;  headache  too  bad.  (i  error) 

(5-50) 

28.  Time  out.  Lavatory.  (C) 

29.  Problem  seemed  difficult.  (4  errors)  (6-40) 

30.  Disturbance.  Mrs.  Harker  brought  food  again!  (C) 

31.  Proljlem  very  easy  but  my  head  aches  too  dreadfully  to  do  it.  (C)  (7-45) 

32.  Not  sure  my  answer  is  correct.  (C)  (3-15) 

Fellow  came  in  and  "scared  the  wits  out  of  me." 

33.  Problem  easy,  but  had  to  rest  my  head  a  minute.  (1  error)  (8-00) 

34.  Should  do  this  in  2  minutes  if  I  felt  well.  Answer  easy  to  remember,  so  also  the  original 

problem.  (C)  (4-30) 

35.  Problem  very  easy,  but  my  head  is  crazy.  (2  errors)  Pains  in  temples.  (4-35) 

37.  Feel  a  little  better  now.  (3  errors) 

38.  Recall  not  so  bad,  but  pains  in  head  hinder.  Problem  fairly  easy.  (4  errors)  (6-45) 

39.  Feel  hungry  and  a  little  shaky.  Answer  seems  incorrect.  (C) 

40.  Day  dreaming.  Problem  dreadfully  easy;  I  should  have  done  it  in  less  than  half  time. 

(1  error)  (4-40) 

41.  Figures  in  place  of  "69"  hardest  for  me  to  remember  usually.  Difficult,  but  I  believe 

answer  is  correct.  (C)  (9-10) 

42.  Lavatory.  (C) 

43.  So  easy  that  I  became  tangled  up  in  the  I's.  So  amused  at  "1899"  (year  of  my  birth)  that 

it  hindered.  Not  sure  of  answer.  (1  error)  (4-25) 

44.  Answer  easy  to  remember,  but  it  probably  is  wrong.  (1  error) 

45.  Hard  problem.  Forgot  answer  several  times.  (1  error)  (1 1-10) 

46.  Numbers  disappear  entirely.  Almost  physical  effort  to  recall  them.  Should  have  worked 

more  quickly.  (2  errors)  (6-20) 

47.  Forgot  "4"  in  answer.  Had  to  rework.  (C)  (8-50) 

48.  Difficult  to  memorize.  (C)  (7-10) 

49.  Feeling  better.  Don't  seem  tired  at  all,  but  I  don't  have  any  "pep."  Sometimes  when 

something  adds  up  to  o,  the  satisfaction  nearly  causes  me  to  forget  the  whole  thing. 

(C)  (5-30) 

50.  Problem  easy,  but  I  forgot  it.  Believe  I'm  sleepy.  (C)  (10-45) 

51.  Don't  know  why  time  wasn't  longer— seemed  like  an  age.  (2  errors)  (8-55) 

52.  Went  to  sleep  for  a  second;  almost  forgot  everything.  Awakened  by  Mrs.  Harker  bringing 

in  food.  (Alas!  we  can't  eat  it.)  (3  errors)  (10-55) 

53.  This  may  be  the  answer,  and  it  may  not  be;  Fm  not  responsible  from  now  on.  (1  error) 

54.  Drinking  glass  of  water.  (C) 

55.  Have  doubts  about  these  numbers.  (1  error) 

56.  Most  of  the  problems  along  here  seem  familiar  to  me.  Did  we  have  them  yesterday?  (C) 

58.  Should  have  worked  this  much  more  quickly.  Stopped  to  check  answer.  (Same  problem 

as  No.  50)  (C)  (4-30) 

59.  Had  numbers  interchanged  in  answer;  stopped  to  check.  (2  errors)  (7-20) 

61.  Think  these  are  wrong,  but  I  can't  get  the  numbers  straightened  out.  (C)  (8-55) 

62.  Time  out.  Lavatorv.  This  problem  seems  familiar.  I  think  I  remember  some  of  answer. 

(C)  (7-40) 

63.  Easy  problem.  Head  working  a  little  better.  (C)  (3-10) 

64.  Easy.  (1  error) 
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65.  P'asv  pr()l)lcin.  Distuihcd  by  ciitraiuc  of  people.  (2  errors)  (6-40) 

66.  Easy  j)robleni,  hut  1  am  too  tired  to  gain  sjiccd.  (C)  (5-40) 

67.  Easy  problem,  but  I  lan't  remember  anything.  (C)  (9-00) 

68.  Scarcely  can  remrinhrr  any  numbers  .(C) 

69.  Lost  watch  in  bed.  Drank,  glass  of  water.  (C)  (9-00) 

70.  Decided  to  do  100  problems  before  I  go— maybe.  Answer  seems  wrong.  (2  errors)  (8-15) 

73.  Tried  to  work  at  maxinumi  speed.  (C)  (4-35) 

74.  Can  make  fairh  good  speed  but  with  terrible  efTort.  Not  sure  of  numbers;  people  enter 

rcwm.  I  am  trying  to  speed  up.  (1  error)  (3-15) 

75.  Time  out  to  fix  shades.  (C) 

76.  Working  like  fury— didn't  think  I  could  do  it.  (2  errors)  (3-15) 

77.  Answer  easy— that  is,  if  this  is  it.  (It  was)  (C)  (4-30) 

78.  Seem  to  haye  struck  second  wind.  Eyes  a  little  tircxl.  Easy  problem.  (C)  (3-45) 

79.  This  effort  will  kill  me,  I'm  afraid.  (2  errors)  (4-00) 

80.  Feeling  better  to  begin  with  than  I  expected.  Forgot  to  turn  problems  over;  did  this  one 

first.  (1  error)  (3-45) 

81.  This  problem  looked  harder.  (2  errors)  (5-40) 

82.  Feel  wonderfully  fine  considering.  What  can  have  struck  me?  Hard  to  remember  nam- 

ber.  (C)  (4-30) 

83.  This  isn't  half  bad;  but  I'm  glad  there  are  just  two  more  days.  Problem  fairly  hard  to 

recall.  (C)  (7-30) 

84.  Problem  hard.  I'm  going  to  work  like  a  demon  until  6:20  just  to  see  if  I  can.  Answer 

correct?  (1  error)  (5-35) 

85.  Time  out  to  sharpen  pencil.  Am  making  terrible  wrinkles  in  my  face  trying  to  think  like 

this— once  in  a  lifetime!  Getting  lazy.  Day  dreaming  (1  error)  (7-10) 

86.  Not  too  sure  answer  is  correct.  Easy  problem  to  remember.  (1  error)  (4-00) 

87.  Can't  hurry  as  much  as  I  try.  (1  error)  (5-10) 

88.  Too  tired  to  speed  up.  Nervous— shaky.  (C)  (7-0) 

89.  I'll  never  make  that  100  at  this  rate.  Once  more;  here  goes.  A  tough  problem!  (i  error) 

(6-30) 

90.  Another  horrid  one.  I  don't  believe  it  pays  to  strain  so  much.  Maybe  I  won't  be  able  to 

do  anything  tomorrow.  Not  so  bad  for  a  time.  (C)  (5-30) 

91.  83  and  38  helped  me  remember.  Problem  hard  otherwise.  (3  errors)  (7-10) 

92.  Problem  easier.  (1  error)  (5-50) 

95.  Doing  fairly  well,  I  think.  (1  error)  (6-05) 
97.  Can't  do  100  today.  (2  errors)  (14-15) 

Third  Day 

Problem  Number 

1.  Have  not  slept  soundly  for  3  or  4  nights.  Slept  none  after  12  P.  M.  last  night.  (C) 
3.  Time  out  to  fix  seat.  (2  errors) 

5.  Easy  problem.  (C) 

6.  Harder  problem  to  memorize.  (2  errors) 

7.  Clock  struck  and  made  me  forget.  (1  error) 

1 1.  Doubt  this  answer;  became  confused  in  cross  multiplication.  (C) 

12.  Harder  to  remember.  (1  error) 

14.  Easy  problem,  but  I  lost  track  in  answer.  (4  errors) 

15.  Easy.  "O's"  and  "I's"  confusing.  (C) 

17.  Forgot  problem.  (C) 

18.  Problem  terribly  difficult  for  some  reason.  (4  errors)  Hard  to  memorize. 

19.  Easy.  (1  error) 

20.  Harder.  (C) 

21.  Big  numbers  in  cross  multiplication.  (1  error) 
23.  Answer  easy  to  remember.  (2  errors) 
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24.  Lost  track  of  numbers  in  answer;  had  to  locate  error.  (C) 

25.  Got  stuck;  had  to  recheck  answer.  (1  error) 

26.  Hard  to  memorize.  (3  errors) 

27.  "Ones"  confusing.  Yet— not  sure  it  is  correct.  (3  errors) 

28.  Easy.  (C) 

31.  Problem  easy;  forgot  answer.  (C) 

32.  Time  out  a  moment.  (1  error) 

33.  Bell  on  clock  disturbed  just  as  I  started  to  write  answer.  (C) 

34.  Easy  problem.  (1  error) 

35.  Have  no  memory  at  all.  Forgot  "0"  for  a  long  time.  (1  error) 

Problem  so  much  like  one  before!  (No.  34  was  similar) 

36.  Very  difficult.  Had  to  carry  "23"  etc.  (C) 

38.  Went  quickly  but  may  not  be  correct.  (1  error) 

39.  Time  out;  lavatory.  (1  error)  Same  problem  as  yesterday  or  day  before,  I  think. 

40.  Hard  as  the  dickens.  Probably  incorrect  also.  (3  errors) 

42.  Forgot  answer.  (1  error)  Goal  100  problems  today. 

43.  Problem  easy  but  couldn't  remember  answer.  (1  error) 

45.  Hard  problem.  (1  error) 

46.  Forgot  answer.  (2  errors) 

47.  Had  problem  a  long  time  ago  but  rechecked  answer.  It  was  correct  this  time.  (C) 

48.  Afraid  ans^ver  is  incorrect.  (3  errors) 

49.  Should  have  done  this  in  half  the  time.  (C)  (7  min.  15  sec.) 

50.  Answer  gone  but  problem  is  same.  (3  errors)  (Same  as  40) 

51.  Seems  all  wrong  yet.  (1  error) 

52.  "0"  confusing.  Think  answer  is  probably  wrong.  (1  error) 

53.  Had  same  problem  yesterday.  Moved.  (C)  (Numbers  68,  64,  and  31  on  second  day  were 

similar.) 

55.  Answer  easy  to  remember  if  it  is  only  right.  (3  errors) 

56.  Time  out  for  lavatory.  Won't  guarantee  answer.  (C) 

57.  Easy  but  I'm  beginning  to  lag.  Had  this  yesterday  or  day  before.  (2  errors)  (On  second 

day  the  "1914"  in  problem  43  was  same.) 

58.  Think  this  is  wrongi  Too  tired  to  check.  (1  error) 

59.  Getting  more  indolent  every  moment.  (1  error) 

60.  Hard;  but  I'm  tired.  (C) 

61.  Time  wrong  on  others,  I  think.  (1  error) 
63.  Time  out;  lavatory.  (1  error) 

65.  Time  out  to  shut  off  lights.  (1  error) 

67.  Forget  ever)'thing.  Easy  problem,  but  I  just  can't  do  it  quickly  now.  (1  error)  (3-45) 

68.  Wish  I  could  speed  up.  Simply  can't  do  it.  (C)  (4-45) 

69.  Recall  with  greatest  difficulty.  Can't  remember  figures.  (C) 

70.  Getting  tired  to  the  point  of  inability  to  work  these.  Don't  see  how  I  can  finish  the  day. 

(C)(3-55)  1:  54P-^i- 

71.  Time  out  to  go  to  table.  Doubt  answer  is  correct.  (2  errors) 

72.  How  did  I  do  it?  (2  errors) 

73.  Easy.  But  "O's"  always  present  obstacle.  (2  errors) 

74.  Too  easy  not  to  confuse.  (2  errors) 

76.  Thought  I  would  never  finish  it.  (2  errors)  (7-30) 

77.  Easy.  (3  errors) 

78.  Suspect  this  answer  is  all  wrong.  My  head  is  not  functioning  properly.  (4  errors) 

80.  So  easy  that  I  had  to  do  it  again.  (C) 

81.  Speeding  up.  I've  done  this  problem  before,  I  think.  (2  errors) 

82.  Not  sure  of  answer.  Hazy.  (2  errors) 

83.  Hurrah!  (1  error) 

85.  Had  doubt  about  2  figures  in  answer,  but  refuse  to  remove  it!  (2  errors) 
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86.  Slow!  Can't  tliink.  (C)  (4-30) 

87.  Answer  hazy.  (4  errors) 

88.  Terrible.  Forgot  answer.  (2  errors)  (1 1-35) 

89.  Time  out.  Lavator)'.  .\nswer  ha/y.  (3  errors) 

90.  Well  done  for  time,  .\icuracy?  (C)  (5-30) 
93.  Hard  luck.  Forgot  about  10  times.  (C) 

95.  P"amiliar  problem.  Forgot  number  in  answer.  (C) 

96.  I  remcml)crcd  this  answer,  I  thought.  (2  errors) 

97.  Big  niuiibers  to  cari7.  (1  error) 

98.  Time  out.  lavatory.  (1  error) 

99.  Mind  fresh  after  little  walk.  Either  I'm  feeling  better  or  I  am  so  far  gone  that  my  mind's 

clear  momentarily.  (3  errors) 

100.  Good  for  this  one.  (2  errors) 

101.  Afraid  I  did  it  too  quickly.  (1  error) 

102.  Forgot  answer.  Too  hard  to  rework.  (2  errors) 

104.  Time  out  to  turn  on  light.  Getting  very  tired.  I  can  scarcely  remember  a  figure.  Looked 

at  problem  4  or  5  times.  (1  error) 

105.  Just  can't   tackle  another;   feel  that  I  might  break.  Suppose  I  wouldn't  though— here 

goes.  (C) 

106.  Darn  it;  I  have  to  do  this  one.  (1  error) 

Fourth  Day 

Problem  Number 

1.  Thought  of  mistake  I  made  in  reasoning  test  which  preceded  this  multiplication.  AnsAver 
should  \\di\t  been    1000  instead  of   1100.  Fussed  because  I  made  so  many  mistakes. 
(2  errors)  Can  scarcely  see.  Slept  three  hours  last  night  after  about  three  nights  with 
no  sleep. 
3.  Time  out;  lavaton'.  (1  error) 

5.  Day  dreaming;  FIl  have  to  do  better  than  this.  (C) 

6.  Don't  feel  like  working.  (2  errors) 

7.  Keep  thinking  of  mistakes  I  made  in  tests  preceding  this  ordeal.  It  bothers.  Problem 

difficult  also.  Better  time.  (1  error)  (5-5) 
9.  Made  note.  (2  errors) 

10.  Answer  easy  to  remember.  (C) 

1 1.  Forgot  answer  twice.  Time  out;  lavatory.  (C) 

12.  Problem  very  easy;  loafed  on  job.  Forgot  answer.  (1  error)  (6-30) 

13.  Problem  easy,  but  I'm  tired.  Forehead  seems  to  have  developed  reflex.  (2  errors) 

14.  Reflex  in  forehead  pulls.  (1  error) 

15.  Forgot  about  x  times.  Answer  still  hazy.  (2  errors) 

17.  Hard  problem.  (C) 

18.  Not  sure  of  answer.  (C) 

19.  Good  work!  For  me  it  is  now.  (C)  (4-45) 

20.  Answer  seems  wrong!  Won't  rework!  (1  error) 

21.  Combinations  are  becoming  more  familiar.  (3  errors) 

22.  Easy.  (4  errors) 

23.  Not  so  bad  for  4th  day.  (1  error) 

25.  Easy.  (C) 

26.  Good  for  a  broken  spirit.  Easy  though!  Answer  easy  to  remember.  (C) 

27.  Afraid  answer  is  not  correct.  (1  error) 

28.  I  can  think  clearly  but  the  muscles  of  my  face  are  worn  out.  I  am  going  on  my  nervous 

energy.  (1  error) 

29.  Answer  seems  incorrect,  (i  error) 

31.  Hard  answer,  and  I  forgot  it— reworked.  (C) 

32.  Hard  to  remember  problem.  Good.  (1  error) 

35.  Repetition  makes  easier  work.  (1  error)  Two  5's  in  multiplier. 
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"6.  Had  answer  all  mixed  up  in  my  mind.  (C) 

37.  Pretty  good:  don't  feel  so  tired  in  thinking.  Only  facial  muscles  are  lifeless.  (1  error) 

38.  Time  out;  lavatory,  (i  error) 

39.  "2's"  easy.  (1  error) 

41.  Forgot.  (C) 

42.  Good!  (C) 

44.  Forgot.  (1  error) 

45.  Harder,  (i  error) 

46.  Doubt  answer.  (C) 

48.  Beginning  to  feel  hungry.  (1  error)  12:03  p.m.  Forgot  answer. 

49.  Forgot  answer.  (1  error) 

50.  A  hard  problem.  Did  it  quickly  but  pulling  face  and  straining  eye  muscles  are  almost 

too  much  for  me.  (2  errors) 

51.  Forgot  answer.  (C) 

52.  Went  daydreaming.  Problem  not  hard.  (C) 

53.  Good  work.  (C) 

55.  Easy  but  forgot.  (C) 

56.  Not  so  bad;  problem  easy  to  associate.  (3  errors) 

57.  Daydreaming.  Forehead  is  getting  wrinkles  fast.  (C) 

58.  Believe  I  will  go  insane  after  two  or  three  more  days  of  this.  (1  error) 

59.  Hard  to  work;  easy  to  remember.  (C) 

63.  Forgot  answer  when  Dr.  Raubenheimer  came  in.  Terrible  problem.  (1  error) 
65.  Forgot  everything.  (1  error)  (9  min.) 
69.  Forgot  answer.  (C) 

71.  Time  out;  lavatory'.  (2  errors) 

72.  Easy.  Answer  easy  to  remember.  (C) 

76.  Forgot  answer.  (C) 

77.  I  seem  to  do  this  without  any  thinking;  but  the  mechanized  pulling  of  face  and  eye 

muscles  is  killing  me.  (1  error) 

78.  Confusing  "O's".  (1  error) 

80.  "0"  bothered.  (1  error) 

81.  Time  out.  (C) 

82.  "Ones"  confusing.  (2  errors) 

83.  Forgot  answer.  (2  errors) 

84.  Forgot  answer.  (1  error) 

85.  Want  to  hurry  and  can't.  Reflex  in  my  forehead  twitches.  (1  error) 

87.  Tough  problem.  (3  errors) 

88.  Thought  I  would  never  get  it,  not  sure  yet.  (i  error)  (9-10) 

89.  Think  I  have  gotten  the  same  answer  before.  (C) 

91.  All  mixed  up  on  answer.  (1  error) 

92.  Answer  probably  wrong.  (1  error) 

93.  Problem  easier.  (C) 

94.  Hard.  (C) 

95.  Doubt  if  it  is  correct.  Came  so  fast  th;ii  I  can't  believe  it.  (4  errors)  (5-10) 

96.  A  terrible  problem  to  give  a  weary  person  I  (2  errors) 

97.  Want  to  do  3  more  Ijcfore  6  o'clock.  (C)  time  out,  la\atory. 
99.  Did  this  in  a  hurry;  doubt  if  it  is  correct.  (3  errors) 

100.  Finished  100  problems! 

SUBJECT    Z'S    OBSF.RV.ATIONS    WRITTEN  WTCck." 

DOWN  DURi.NG  THF,  WEEK  FOL-  Local  iucas  of  the  body  are  weary  from 

LOWING  THE  FATIGUE  SERIES  long  lying  OF  sitting  in  one  position. 

I  think  clearly  and  feel  no  physical  ex-  A    reflex    developed    in    my    forehead 

haustion,  but  I  seem  to  be  a  "nervous  over  my  left  eye  by  the  end  of  the  second 


52      ZELMA    L.    HUXTABLE,    MIRIAM    H.    WHITE    AND    MARJORIE    A.    MC  CARTOR 


day.  It  continued  through  the  fourth  day 
of  the  fatigue  series  and  remained  to 
some  extent  until  Sunday  evening.  (Yes- 
terday) Forehead  still  feels  weary  at 
school  today.  (Monday) 

So  nervous  that  any  loud  or  unneces- 
sary noise— or  teasing,  angers  me. 

Slept  only  two  or  three  hours  each 
night. 

From  1:30  A.  M.  on  until  4  A.  M, 
"saw"  problems  and  worried  over  work- 
ing them.  ^Vaited  for  alarm  to  ring  at 
4  A.  M. 

Took  sleeping  tablets  on  evening  of 
second  day,  hoping  to  sleep;  but  they 
only  caused  my  legs  and  arms  to  feel  a 
little  numb;  my  foolish  brain  kept  right 
on. 

Baby  not  well  from  whooping  cough. 
Nervous  chill  passed  all  over  me  every 
time  he  cried  out  in  the  night.  Not  sure 
how  he  was  in  my  absence. 

Went  to  bed  between  8  and  9  o'clock 
each  night.  Did  not  go  to  sleep  until 
10  or  11.  Slept  fairly  soundly  until  about 
1:30,  except  on  second  night;  baby  cried 
several  times  abovit  midnight. 

Nervous  tension  partly  due  to  anxiety 
to  make  good  showing  on  tests  before 
and  after  each  day  of  fatigue  series. 

Mechanical  aptitude  test  and  first 
arithmetic  reasoning  test  worried  me 
more  than  others.  Presence  of  Dr.  Rau- 
benheimer  contributing  factor. 

Could  not  work  at  maximum  efficiency 
in  earlier  hours  of  day  because  of  the 
discouraging  thought  of  the  number  of 
hours  ahead. 

Picked  up  in  speed  about  2  or  3  o'clock 
each  afternoon  because  of  nearing  end 
of  day,  I  think. 

Felt  discouraged  between  10  A.  M.  and 
1  P.  M.  on  second  day— thought  I  should 
surelv    faint.     Almost    went    to    sleep. 


Would  have  fainted,  I  believe,  if  I  had 
given  up  control  for  one  moment. 

Was  not  sure  on  evening  of  third  day 
that  I  would  be  able  to  work  the  4th. 
Almost  unbalanced  nervously.  Thought 
I  should  surely  fall  to  the  floor  when  I 
came  down  for  metabolic  test.  Did  me- 
chanical aptitude  test  almost  without 
thought.  Didn't  care  whether  I  scored 
right  or  not  because  I  knew  I  couldn't 
control  my  responses  to  any  accurate  ex- 
tent. 

Felt  encouraged  on  morning  of  fourth 
day,  because  I  began  to  believe  that  I 
would  be  able  to  finish;  but  decided  to 
work  at  comfortable  rate  in  order  that 
I  might  compose  my  nerves. 

Felt  better  at  end  of  fourth  day  than 
at  beginning  of  second,  except  that  I 
was  very  shaky.  Dreadfully  happy  that 
experiment  was  done. 

Almost  fainted  at  dinner  table  Satur- 
day evening  after  fatigue  series. 

Conscious  through  all  four  days  of  in- 
crease of  heart  beat.  At  times  this  be- 
came a  great  annoyance  to  my  work. 

Had  cold  during  first  two  days  of  ex- 
periment, not  bad  but  my  nose  was 
"stopped"  so  that  I  could  not  breathe 
through  it  comfortably.  This  annoyed 
me  greatly  at  night. 

Had  dreaded  doing  these  four  days  for 
more  than  two  years.  Mental  attitude 
toward  entire  experiment  clouded  by 
this  dread. 

Isolation,  hard  work,  etc.,  made  en- 
tire four  days  seem  like  one  long  night- 
mare to  me.  I  marvelled  that  the  other 
two  girls  seemed  to  hold  up  so  well. 

Would  not  repeat  these  four  days  for 
$10,000,  I  believe. 

Physical  weakness  due  to  overwrought 
nervous  condition  was  most  serious 
over-all  effect  of  experiment  on  me. 


r '1 


I 


3    0005    0303330b    ^ 


M 


150.^ 

P974 

V.  59 

no.  5 

Psychological  monographs t 
general  and  applied  -  A  re- 
performance  and  re- interpretation 
of  the  Arai  experiment  in 
mental  fatieue  with  t-hrao 

150.8 

P974 

V.  59 

no.  5 

Psychological  monographs:  general 
and  applied  -  A  re-performance  and 
re-interpretation  of  the  Arai 
experiment  in  mental  fatigue  with 
three  subjects?  by  Zelma  Langdon 
Huxtable,  et  al 


HEORGE  BANTA  PUBlilSHING  COMPANY,  MENASHA,  WISCONSIN 


